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November 2003 ACM Transactions on Internet Technology (TOIT), volume 3 issue 4 
Publisher: ACM Press 

Additional Information: full citation , abstract, references, citings, index 
terms 



Full text available:fig|pdf(1.46MB) 



Fundamental to the design of reliable, high-performance network services is an 
understanding of the performance characteristics of the service as perceived by the client 
population as a whole. Understanding and measuring such end-to-end service 
performance is a challenging task. Current techniques include periodic sampling of service 
characteristics from strategic locations in the network and instrumenting Web pages with 
code that reports client-perceived latency back to a performance server. Li ... 



Keywords: End-to-end service performance, QoS, network packet traces, passive 
monitoring, reconstruction of web page composition, web site performance 



2 Shallow NLP te chn iq ues f o r i nt ern et search Q 
Alex Penev, Raymond Wong 

January 2006 Proceedings of the 29th Australasian Computer Science Conference - 
Volume 48 ACSC '06 

Publisher: Australian Computer Society, Inc. 

Full text available: ^ pdf (422 .2 8 KB ) Additional Information: full citation, abs tra c t , references , index terms 

Information Retrieval (IR) is a major component in many of our daily activities, with 
perhaps its most prominent role manifested in search engines. Today's most advanced 
engines use the keyword-based ("bag of words") paradigm, which concedes some 
inherent disadvantages. We believe that natural language (NL) is a more user-oriented, 
context-preservative and intuitive mechanism for web search. In this paper, we explore 
shallow NLP techniques to support a range of NL queries over an existing keyword ... 

Keywords: google, information retrieval, natural language, processing 
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Thomas Kunz, Michiel F. H. Seuren 

November 1997 Proceedings of the 1997 conference of the Centre for Advanced 
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Studies on Collaborative research CASCON '97 

Publisher: IBM Press 

Full text available:^) pdf(4. 21 MB) - Additional Information: full citation , abstract , references , index terms 

Understanding distributed applications is a tedious and difficult task. Visualizations based 
on process-time diagrams are often used to obtain a better understanding of the 
execution of the application. The visualization tool we use is Poet, an event tracer 
developed at the University of Waterloo. However, these diagrams are often very complex 
and do not provide the user with the desired overview of the application. In our 
experience, such tools display repeated occurrences of non-trivial commun ... 

Extracting usability information from user interface events 
David M. Hilbert, David F. Redmiles 

December 2000 ACM Computing Surveys (CSUR), volume 32 issue 4 
Publisher: ACM Press 

p ii ■ i .. a , tM CA .. m Additional Information: full citation , abstract , references , citin gs, index 

Full text available: Ty pdfd.50 MB) : 

terms, review 

Modern window-based user interface systems generate user interface events as natural 
products of their normal operation. Because such events can be automatically captured 
and because they indicate user behavior with respect to an application's user interface, 
they have long been regarded as a potentially fruitful source of information regarding 
application usage and usability. However, because user interface events are typically 
voluminos and rich in detail, automated support is generally ... 

Keywords: human-computer interaction, sequential data analysis, usability testing, user 
interface event monitoring 



Ev a luating impl ic it measures t o im prove web search 

Steve Fox, Kuldeep Karnawat, Mark Mydland, Susan Dumais, Thomas White 

April 2005 ACM Transactions on Information Systems (TOIS), volume 23 issue 2 

Publisher: ACM Press 

p ii i i , ,, a r- 0 . Aa , Additional Information: full citation, abstract, references, citings, index 
Full text available: TO pdf(2.52 MB) - - - - a ~ 

^ terms 

Of growing interest in the area of improving the search experience is the collection of 
implicit user behavior measures (implicit measures) as indications of user interest and 
user satisfaction. Rather than having to submit explicit user feedback, which can be costly 
in time and resources and alter the pattern of use within the search experience, some 
research has explored the collection of implicit measures as an efficient and useful 
alternative to collecting explicit measure of interest from u ... 

Keywords: Implicit measures, explicit feedback, explicit ratings, prediction model, search 
sessions, user interest, user satisfaction 



6 Verifyin g security protocols as planning in logic programming 
4|v Luigia Carlucci Aiello, Fabio Massacci 

^ October 2001 ACM Transactions on Computational Logic (TOCL), volume 2 issue 4 
Publisher: ACM Press 

phi > i ui « nA i/n\ Additional Information: full citation , abstract , references , citing s, index 

Full text available: TO pdf(305.94 KB) ' a -' 

term s, revie w 

We illustrate ALSP (Action Language for Security Protocol), a declarative executable 
specification language for planning attacks to security protocols. ALSP is based on logic 
programming with negation as failure, and with stable model semantics. In ALSP we can 
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give a declarative specification of a protocol with the natural semantics of send and 
receive actions which can be performed in parallel. By viewing a protocol trace as a plan 
to a ... 

Keywords: AI planning, logic programming, security protocols, specification language 



7 Affinit y- ba s ed mana g emen t of main memory database c l uster s 
^ Minwen Ji 

v 7 November 2002 ACM Transactions on Internet Technology (TOIT), volume 2 issue 4 
Publisher: ACM Press 

Full text available: ^] pdf(553.96 KB) Additional Information: full citation, abstract, references, index terms 

We study management strategies for main memory database clusters that are interposed 
between Internet applications and back-end databases as content caches. The task of 
management is to allocate data across individual cache databases and to route queries to 
the appropriate databases for execution. The goal is to maximize effective cache capacity 
and to minimize synchronization cost. We propose an affinity-based management system 
for main memory database cLUsters (ALBUM). ALBUM executes ea ... 

Keywords: Main memory database, clustering, database administration, database 
cluster, file organization, query affinity, scalability 
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Pa pe rs : Event-ba sed multim ed ia chr on icli n g s yste ms 
Pilho Kim, Ullas Gargi, Ramesh Jain 

November 2005 Proceedings of the 2nd ACM workshop on Continuous archival and 
retrieval of personal experiences CARPE '05 

Publisher: ACM Press 

Full text available: ^|pdf(791.39 KB) Additional Information: fu l l citat ion, ab str ac t, r ef eren c es, in d ex t e r ms 

This paper presents a new framework for multimedia electronic chronicling systems. Its 
approach uses events as its driving force for heterogeneous information processing. 
Specifically,this new approach .rst separates symbols and data, then puts events between 
them to make a distinct connection. In addition, this approach provides spatio-temporal- 
semantic relations networks to map high-level semantic user queries into low-level 
queries that a machine can compute. The innovative user interfaces are ... 

Keywords: action capture, browse, chronicle, context modeling, event, information, 
information sharing, interaction, interfaces, mobile, monitoring, presentation systems, 
publication, publishing, retrieval, search, tag 



9 Characteri z i n g a n a tional community w eb 
Daniel Gomes, Mario J. Silva 

August 2005 ACM Transactions on Internet Technology (TOIT), volume 5 issue 3 
Publisher: ACM Press 

Full text available* f 5 ! pdf(364 77 KB) Additional Information: full cit ati on , abstrac t, ref erences , citings, i ndex 
" ^ " terms 

This article presents a characterization of the community Web of the people of Portugal. 
We defined criteria for delimiting this Web based on our past experience of crawling pages 
related to Portugal and collected over 3.2 million documents from 46,000 sites satisfying 
those criteria. Our characterization was derived from this crawl. We describe the rules 
that we established for defining the boundaries of this community Web and the 
methodology used to gather statistics. Statistics cover the numb ... 
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10 Boosting the performance of Web search engines: Caching and prefetching q uery 

<^> r es ults by exploiting h istorical usage data 

Tiziano Fagni, Raffaele Perego, Fabrizio Silvestri, Salvatore Orlando 

January 2006 ACM Transactions on Information Systems (TOIS), volume 24 issue l 

Publisher: ACM Press 

Full text available: «pdf(668.69 KB) Additional ,nformation: MLeitation, abstract, references, clings, index 
" terms 

This article discusses efficiency and effectiveness issues in caching the results of queries 
submitted to a Web search engine (WSE). We propose SDC (Static Dynamic Cache), a 
new caching strategy aimed to efficiently exploit the temporal and spatial locality present 
in the stream of processed queries. SDC extracts from historical usage data the results of 
the most frequently submitted queries and stores them in a static, read-only portion of 
the cache. The remaining entries of the c ... 

Keywords: Caching, Web search engines, multithreading 



1 1 An a r chitecture for se cu re w i de-a r ea service dis covery | 
Todd D. Hodes, Steven E. Czerwinski, Ben Y. Zhao, Anthony D. Joseph, Randy H. Katz 
March 2002 Wireless Networks, volume 8 issue 2/3 
Publisher: Kluwer Academic Publishers 

n ii i i i ui « jr/occ eo Additional Information: full citation, abstract, references, citings, index 

Full text available: to pdf(365.68_KB) - - a - — ~ 

terms 

The widespread deployment of inexpensive communications technology, computational 
resources in the networking infrastructure, and network-enabled end devices poses an 
interesting problem for end users: how to locate a particular network service or device out 
of hundreds of thousands of accessible services and devices. This paper presents the 
architecture and implementation of a secure wide-area Service Discovery Service (SDS). 
Service providers use the SDS to advertise descriptions of available ... 

Keywords: location services, name lookup, network protocols, service discovery 



1 2 A survey of Web me trics 

Devanshu Dhyani, Wee Keong Ng, Sourav S. Bhowmick 
December 2002 ACM Computing Surveys (CSUR), volume 34 issue 4 
Publisher: ACM Press 

Full text available 1 f 5 ! pdf{289 28 KB) Add'*' 0 * 131 Information: full citation, abstract, references, citings, index 
■ ia) , terms 

The unabated growth and increasing significance of the World Wide Web has resulted in a 
flurry of research activity to improve its capacity for serving information more effectively. 
But at the heart of these efforts lie implicit assumptions about "quality" and "usefulness" 
of Web resources and services. This observation points towards measurements and 
models that quantify various attributes of web sites. The science of measuring all aspects 
of information, especially its storage and retrieval or ... 

Keywords: Information theoretic, PageRank, Web graph, Web metrics, Web page 
similarity, quality metrics 
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13 Web and design: Generating custom notification histories by tracking visual 
diffe r ences between we b page visits 
Saul Greenberg, Michael Boyle 

June 2006 Proceedings of the 2006 conference on Graphics interface GI '06 

Publisher: Canadian Information Processing Society 

Full text available: ^| p df ( 586.37 KB ) Additional Information: full citation , abstrac t, references , ind ex terms 

We contribute a method that lets people create a visual history of custom notifications to 
track personally meaningful changes to web pages. Notifications are assembled as a 
collage of regions extracted from the fully rendered (bitmap) representation of the web 
pages. They are triggered when visual changes between successive visits are detected 
within regions. To use the system, a person specifies a notification by clipping personally 
interesting regions from the bitmap representation of a web p ... 

Keywords: information customization, notifications 
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14 Be st pap er ses s ion: b es t pap er cand i dates: Modelli ng info r mation persistence on the Q 
^ web 

Daniel Gomes, Mario J. Silva 

July 2006 Proceedings of the 6th international conference on Web engineering ICWE 
'06 

Publisher: ACM Press 

Full text available:^ pd f(1 87.7 5 KB) Additional Information: full c i t ati on , ab st ra ct, referenc es , i ndex term s 

Models of web data persistency are essential tools for the designof efficient information 
extraction systems that repeatedlycollect and process the data. This study models the 
persistence ofweb data through the measurement of URL and content persistenceacross 
several snapshots of a national community web, collectedfor 3 years. We found that the 
lifetimes of URLs and contents aremodelled by logarithmic functions. We gathered 
statistics on thestructure of the web, identified reasons for URL death ... 

Keywords: content persistence, tomba, url persistence 



15 Attacks and crvptanalysis: Pu p petnets: misusing web browsers as a distributed 
attack infra st ructure 

V. T. Lam, S. Antonatos, P. Akritidis, K. G. Anagnostakis 
October 2006 Proceedings of the 13th ACM conference on Computer and 

communications security CCS '06 
Publisher: ACM Press 

Full text available: ^ pdf(871.35 KB) Additional Information: full citation , abstract , references , index terms 

Most of the recent work on Web security focuses on preventing attacks that directly harm 
the browser's host machine and user. In this paper we attempt to quantify the threat of 
browsers being indirectly misused for attacking third parties. Specifically, we look at how 
the existing Web infrastructure (e.g., the languages, protocols, and security policies) can 
be exploited by malicious Web sites to remotely instruct browsers to orchestrate actions 
including denial of service attacks, ... 

Keywords: distributed attacks, malicious software, web security 
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<^ visu alization 

^ Jess Y. S. Mak, Hong Va Leong, Alvin T. S. Chan 
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March 2002 Proceedings of the 2002 ACM symposium on Applied computing SAC 02 
Publisher: ACM Press 

Full text available: ^| pdf(76 5.23 K B) Additional Information: full citation, abstract, re fe rences, index t e rms 

The Internet has led to the formation of a global information infrastructure. To explore a 
web site, a site map would be useful as a short cut for a user to locate for the target 
information in a structured and efficient manner, rather than drilling into the web site 
following hyperlinks, reading possibly irrelevant information. Useless information impacts 
a mobile web environment, where mobile clients are only connected with unreliable 
wireless channels of limited bandwidth. Structured web page ... 

Keywords: DOM, VRML, XML, visualization, web document structure 



17 Reviewe d art ic l es: Measu ring t he evo l ution of t rans p or t pr o tocols i n t he i nternet 
Alberto Medina, Mark Allman, Sally Floyd 

April 2005 ACM SIGCOMM Computer Communication Review, volume 35 issue 2 
Publisher: ACM Press 

i- n* * i ui 0i ma ao *At->\ Additional Information: full citation, abstract, references, citings, index 
Full text available: TS3 p_df(1 .48 MB) - — — ' -—' - ' - ■' — 

^ " " terms 

In this paper we explore the evolution of both the Internet's most heavily used transport 
protocol, TCP, and the current network environment with respect to how the network's 
evolution ultimately impacts end-to-end protocols. The traditional end-to-end 
assumptions about the Internet are increasingly challenged by the introduction of 
intermediary network elements (middleboxes) that intentionally or unintentionally prevent 
or alter the behavior of end-to-end communications. This paper provides mea ... 

Keywords: Internet, TCP, evolution, middleboxes 



18 An. architecture s ecure service discovery servi c e 

Steven E. Czerwinski, Ben Y. Zhao, Todd D. Hodes, Anthony D. Joseph, Randy H. Katz 
August 1999 Proceedings of the 5th annual ACM/IEEE international conference on 

Mobile computing and networking MobiCom '99 
Publisher: ACM Press 

Full text available: fi3 pdf(1.47 MB) Additional Information: f u l l ci t a tion, refere nces , citings, i ndex terms 



19 Cluster-based scalable network services | 

Armando Fox, Steven D. Gribble, Yatin Chawathe, Eric A. Brewer, Paul Gauthier 
October 1997 ACM SIGOPS Operating Systems Review , Proceedings of the sixteenth 
ACM symposium on Operating systems principles SOSP '97, volume 3i issue 

5 

Publisher: ACM Press 

Full text available: ^ pdf(2.42 MB ) Additional Information: fulLoiiatjon, ref e r e n c es, citings, index terms 



20 Web-conscious stora g e mana g ement for web proxies 

Evangelos P. Markatos, Dionisios N. Pnevmatikatos, Michail D. Flouris, Manolis G. H. 
Katevenis 

December 2002 IEEE/ACM Transactions on Networking (TON), volume 10 issue 6 
Publisher: IEEE Press 

Full text available- Ddf(603 1 1 KB) Additional Information: full c it at i on , abstract, re ferences , c i t i n gs, index 
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Many proxy servers are limited by their file I/O needs. Even when a proxy is configured 
with sufficient I/O hardware, the file system software often fails to provide the available 
bandwidth to the proxy processes. Although specialized file systems may offer a 
significant improvement and overcome these limitations, we believe that user-level disk 
management on top of industry-standard file systems can offer similar performance 
advantages. In this paper, we study the overheads associated with file ... 

Keywords: secondary storage, web caching, web performance, web proxies 
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This paper describes a "superset" of operations that can be applied 
to URI. It consists of both a grammar and a description of basic 
functionality for URI. To understand what is a valid URI, both the 
grammar and the associated description have to be studied. Some of 
the functionality described is not applicable to all URI schemes, and 
some operations are only possible when certain media types are 
retrieved using the URI, regardless of the scheme used. 



A Uniform Resource Identifier (URI) is a compact string of characters 
for identifying an abstract or physical resource. This document 
defines the generic syntax of URI, including both absolute and 
relative forms, and guidelines for their use; it revises and replaces 
the generic definitions in RFC 1738 and RFC 1808. 

This document defines a grammar that. is a superset of all valid URI, 
such that an implementation can parse the common components of a URI 
reference without knowing the scheme-specific requirements of every 
possible identifier type. This document does not define a generative 
grammar for URI; that task will be performed by the individual 
specifications of each URI scheme. 
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1. Introduction 

Uniform Resource Identifiers (URI) provide a simple and extensible 
means for identifying a resource. This specification of URI syntax 
and semantics is derived from concepts introduced by the World Wide 
Web global information initiative, whose use of such objects dates 
from 1990 and is described in "Universal Resource Identifiers in WWW" 
[RFC1630] . The specification of URI is designed to meet the 
recommendations laid out in "Functional Recommendations for Internet 
Resource Locators" [RFC1736] and "Functional Requirements for Uniform 
Resource Names" [RFC173 7] . 

This document updates and merges "Uniform Resource Locators" 
[RFC1738] and "Relative Uniform Resource Locators" [RFC1808] in order 
to define a single, generic syntax for all URI . It excludes those 
portions of RFC 1738 that defined the specific syntax of individual 
URL schemes; those portions will be updated as separate documents, as 
will the process for registration of new URI schemes. This document 
does not discuss the issues and recommendation for dealing with 
characters outside of the US -ASCII character set [ASCII] ; those 
recommendations are discussed in a separate document. 

All significant changes from the prior RFCs are noted in Appendix G. 

1.1 Overview of URI 

URI are characterized by the following definitions: 

Uniform 

Uniformity provides several benefits: it allows different types 
of resource identifiers to be used in the same context, even 
when the mechanisms used to access those resources may differ ; 
it allows uniform semantic interpretation of common syntactic 
conventions across different types of resource identifiers; it 
allows introduction of new types of resource identifiers 
without interfering with the way that existing identifiers are 
used; and, it allows the identifiers to be reused in many 
different contexts, thus permitting new applications or 
protocols to leverage a pre-existing, large, and widely-used 
set of resource identifiers. 



Resource 

A resource can be anything that has identity. Familiar 
examples include an electronic document, an image, a service 
(e.g., "today's weather report for Los Angeles"), and a 
collection of other resources. Not all resources are network 
"retrievable"; e.g., human beings, corporations, and. bound 
books in a library can also be considered resources. 
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The resource is the conceptual mapping to an entity or set of 
entities, not necessarily the entity which corresponds to that 
mapping at any particular instance in time. Thus, a resource 
can remain constant even when its content the entities to 
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which it currently corresponds changes over time, provided 

that the conceptual mapping is not changed in the process. 

Identifier 

An identifier is an object that can act as a reference to 
something that has identity. .In the case of. URI, the object is 
a sequence of characters with a restricted syntax. 

Having identified a resource, a system may perform a variety of 
operations on the resource, as might be characterized by such words 
as "access', "update', "replace', or "find attributes'. 

1.2. URI, URL, and URN 

A URI can be further classified as a locator, a name, or both. The 
term "Uniform Resource Locator" (URL) refers to the subset of URI 
that identify resources via a representation of their primary access 
mechanism (e.g., their network "location"), rather than identifying 
the resource by name or by some other attribute (s) of that resource. 
The term "Uniform Resource Name" (URN) refers to the subset of URI 
that are required to remain globally unique and persistent even when 
the resource ceases to exist or becomes unavailable. 

The URI scheme (Section 3.1) defines the namespace of the URI, and 
thus may further restrict the syntax and semantics of identifiers 
using that scheme. This specification defines those elements of the 
URI syntax that are either required of all URI schemes or are common 
to many URI schemes. It thus defines the syntax and semantics that 
are needed to implement a scheme -independent parsing mechanism for 
URI references, such that the scheme -dependent handling of a URI can 
be postponed until the scheme -dependent semantics are needed. We use 
the term URL below when describing syntax or semantics that only 
apply to locators . 

Although many URL schemes are named after protocols, this does not 
imply that the only way to access the URL's resource is via the named 
protocol. Gateways, proxies, caches, and name resolution services 
might be used to access some resources, independent of the protocol 
of their origin, and the resolution of some URL may require the use 
of more than one protocol (e.g., both DNS and HTTP are typically used 
to access an "http" URL's resource when it can't be found in a local 
cache) . 



Berners-Lee, et. al . Standards Track [Page 3] 

□ 

RFC 2 3 96 URI Generic Syntax August 1998 

A URN differs from a URL in that it's primary purpose is persistent 
labeling of a resource with an identifier. That identifier is drawn 
from one of a set of defined namespaces, each of which has its own 
set name structure and assignment procedures. The "urn" scheme has 
been reserved to establish the requirements for a standardized URN 
namespace, as defined in "URN Syntax" [RFC2141] and its related 
specifications . 
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Most of the examples in this specification demonstrate URL, since 
they allow the most varied use of the syntax and often have a 
hierarchical namespace. A parser of the URI syntax is capable of 
parsing both URL and URN references as a generic URI; once the scheme 
is determined, the scheme-specific parsing can be performed on the 
generic URI components. In other words, the URI syntax is a superset 
of the syntax of all URI schemes . 

1.3. Example URI 

The following examples illustrate URI that are in common use. 

ftp : //ftp . is . co . za/rf c/rf cl8 08 . txt 

-- ftp scheme for File Transfer Protocol services 

gopher : //spinal tap .micro . umn . edu/ 0 0 /Weather/Calif ornia/Los%2 0 Angeles 
-- gopher scheme for Gopher and Gopher+ Protocol services 

http : //www. math . uio . no/f aq/ compression- faq/partl . html 

http scheme for Hypertext Transfer Protocol services 

mail to :mduerst@if i . unizh. ch 

-- mailto scheme for electronic mail addresses 

news : comp . inf osystems . www. servers . unix 

-- news scheme for USENET news groups and articles 

telnet://melvyl.ucop.edu/ 

-- telnet scheme for interactive services via the TELNET Protocol 

1.4. Hierarchical URI and Relative Forms 

An absolute identifier ref ers . to a resource independent of the 
context in which the identifier is used. In contrast, a relative 
identifier refers to a resource by describing the difference within a 
hierarchical namespace between the current context and an absolute 
identifier of the resource. 
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Some URI schemes support a hierarchical naming system, where the 
hierarchy of the name is denoted by a "/" delimiter separating the 
components in the scheme. This document defines a scheme -independent 
^relative' form of URI reference that can be used in conjunction with 
a "base' URI (of a hierarchical scheme) to produce another URI. The 
syntax of hierarchical URI is described in Section 3; the relative 
URI calculation is described in Section 5 . 

1.5. URI Transcribability 

The URI syntax was designed with global transcribability as one of 
its main concerns. A URI is a sequence of characters from a very 
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limited set, i.e. the letters of the basic Latin alphabet, digits, 
and a few special characters. A URI may be represented in a variety 
of ways: e.g., ink on paper, pixels on a screen, or a sequence of 
octets in a coded character set. The interpretation of a URI depends 
only on the characters used and not how those characters are 
represented in a network protocol . 

The goal of transcribability can be described by a simple scenario. 
Imagine two colleagues, Sam and Kim, sitting in a pub at an 
international conference and exchanging research ideas. Sam asks Kim 
for a location to get more information, so Kim writes the URI for the 
research site on a napkin. Upon returning home, Sam takes out the 
napkin and types the URI into a computer, which then retrieves the 
information to which Kim referred. 

There are several design concerns revealed by the scenario: 

o A URI is a sequence of characters, which is not always 
represented as a sequence of octets. 

o A URI may be transcribed from a non-network source, and thus 
should consist of characters that are most likely to be able to 
be typed into a computer, within the constraints imposed by 
keyboards {and related input devices) across languages and 
locales . 

o A URI often needs to be remembered by people, and it is easier 
for people to remember a URI when it consists of meaningful 
components . 

These design concerns are not always in alignment. For example, it 
is often the case that the most meaningful name for a URI component 
would require characters that cannot be typed into some systems. The 
ability to transcribe the resource identifier from one medium to 
another was considered more important than having its URI consist of 
the most meaningful of components. In local and regional contexts 
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and with improving technology, users might benefit from being able to 
use a wider range of characters; such use is not defined in this 
document . 

1.6. Syntax Notation and Common Elements 

This document uses two conventions to describe and define the syntax 
for URI. The first, called the layout form, is a general description 
of the order of components and component separators, as in 

<f irst >/<second> ; <third>? <f ourth> 

The component names are enclosed in angle -brackets and any characters 
outside angle-brackets are literal separators. Whitespace should be 
ignored. These descriptions are used informally and do not define 
the syntax requirements. 
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The second convention is a BNF-like grammar, used to define the 
formal URI syntax. The grammar is that of [RFC822] , except that "| M 
is used to designate alternatives. Briefly, rules are separated from 
definitions by an equal indentation is used to continue a rule 

definition over more than one line, literals are quoted with "", 
parentheses "(" and " ) " are used to group elements, optional elements 
are enclosed in " [ " and "]" brackets, and elements may be preceded 
with <n>* to designate n or more repetitions of the following 
element; n defaults to 0. 

Unlike many specifications that use a BNF-like grammar to define the 
bytes (octets) allowed by a protocol, the URI grammar is defined in 
terms of characters. Each literal in the grammar corresponds to the 
character it represents, rather than to the octet encoding of that 
character in any particular coded character set. How a URI is 
represented in terms of bits and bytes on the wire is dependent upon 
the character encoding of the protocol used to transport it, or the 
charset of the document which contains it. 

The following definitions are common to many elements : 

alpha = lowalpha | upalpha 

"h" | "i" | 
"q" | M r" j 
"z" 

" H " | "I" | 

iiq ii | n R „ | 

"Z" 
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"7" | 



2 . URI Characters and Escape Sequences 

URI consist of a restricted set of characters, primarily chosen to 
aid transcribability and usability both in computer systems and in 
non-computer communications. Characters used conventionally as 
delimiters around URI were excluded. The restricted set of 
characters consists of digits, letters, and a few graphic symbols 
were chosen from those common to most of the character encodings and 
input facilities available to Internet users. 

uric = reserved | unreserved | escaped 

Within a URI, characters are either used as delimiters, or to 



lowalpha = "a" | "b" | "c" | "d" | "e" | "f" | "g" 

njn j h^ii j u]_n j t. m u j n n n | n 0 n | i.pi 

M g It | II £ II • | ■ M-qH j | "W" | "X" 



ii v ii "w" 



upalpha = "A" | "B" | "C" | "D" | "E" | "F" | "G 

iijii j nj^n j u L u j njyjii j iijjfi j mqm j up 

"S" j "T" j "U" j "V" | "W n j "X" | "Y 
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digit = "0" | "2" | "3" | "4" | ""5" | "6" 

"8" j "9" 

alphanum = alpha | digit 

The^ complete URI syntax is collected in Appendix A. 
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represent strings of data (octets) within the delimited portions. 
Octets are either represented directly by a character (using the US- 
ASCII character for that octet [ASCII] ) or by an escape encoding. 
This representation is elaborated below. 

2.1 URI and non-ASCII characters 

The relationship between URI and characters has been a source of 
confusion for characters that are not part of US-ASCII. To describe 
the relationship, it is useful to distinguish between a "character" 
(as a distinguishable semantic entity) and an "octet" (an 8 -bit 
byte). There are two mappings, one from URI characters to octets, and 
a second from octets to original characters: 

URI character sequence - >octet sequence->original character sequence 

A URI is represented as a sequence of characters, not as a sequence 
of octets. That is because URI might be "transported" by means that 
are not through a computer network, e.g., printed on paper, read over 
the radio, etc. 

A URI scheme may define a mapping from URI characters to octets; 
whether this is done depends on the scheme. Commonly, within a 
delimited component of a URI, a sequence of characters may be used to 
represent a sequence of octets. For example, the character "a" 
represents the octet 97 (decimal), while the character sequence "%", 
"0", "a" represents the octet 10 (decimal). 
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There is .a second translation for some resources: the sequence of 
octets defined by a component of the URI is subsequently used to 
represent a sequence of characters. A 'charset' defines this mapping. 
There are many charsets in use in Internet protocols. For example, 
UTF-8 [UTF-8] defines a mapping from sequences of octets to sequences 
of characters in the repertoire of ISO 10646. 

In the simplest case, the original character sequence contains only 
characters that are defined in US-ASCII, and the two levels of 
mapping are simple and easily invertible: each 'original character' 
is represented as the octet for the US-ASCII code for it, which is, 
in turn, represented as either the US-ASCII character, or else the 
"%" escape sequence for that octet. 

For original character sequences that contain non-ASCII characters, 
however, the situation is more difficult. Internet protocols that 
transmit octet sequences intended to represent character sequences 
are expected to provide some way of identifying the charset used, if 
there might be more than one [RFC2 2 77] . However, there is currently 
no provision within the generic URI syntax to accomplish this 
identification-. An individual URI scheme may require a single 
charset, define a default charset, or provide a way to indicate the 
charset used. 
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It is expected that a systematic treatment of character encoding 
within URI will be developed as a future modification of this 
specification. 

2.2. Reserved Characters 

Many URI include components consisting of or delimited by, certain 
special characters. These characters are called "reserved", since 
their usage within the URI component is limited to their reserved 
purpose. If the data for a URI component would conflict with the 
reserved purpose, then the conflicting data must be escaped before 
forming the URI . 

reserved = " ; " | " / " | | ":" | n @" | | "=" | "+" | 

it ^ n | ti tt 

The "reserved" syntax class above refers to those characters that are 
allowed within a URI, but which may not be allowed within a 
particular component of the generic URI syntax; they are used as 
delimiters of the components described in Section 3. 



Berners-Lee, et . al . Standards Track [Page 8] 

□ 

RFC 2396 URI Generic Syntax August 1998 



Characters in the "reserved" set are not reserved in all contexts. 
The set of characters actually reserved within any given URI 
component is defined by that component. In general, a character is 
reserved if the semantics of the URI changes if the character is 
replaced with its escaped US-ASCII encoding. 

2.3. Unreserved Characters 

Data characters that are allowed in a URI but do not have a reserved 
purpose are called unreserved. These include upper and lower case 
letters, decimal digits, and a limited set of punctuation marks and 
symbols . 

unreserved = alphanum | mark 

mark = " - " | " " | " " | " i 11 J M — n | » * » J » ■ » | » { » | » ) » 

Unreserved characters can be escaped without changing the semantics 
of the URI, but this should not be done unless the URI is being used 
in a context that does not allow the unescaped character to appear. 

•2.4. Escape Sequences 

Data must be escaped if it does not have a representation using an 
unreserved character; this includes data that does not correspond to 
a printable character of the US-ASCII coded character set, or that 
corresponds to any US-ASCII character that is disallowed, as 
explained below. 
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2.4.1. Escaped Encoding 

An escaped octet is encoded as a character triplet, consisting of the 
percent character "%" followed by the two hexadecimal digits 
representing the octet code. For example, "%2 0' 1 is the escaped 
encoding for the US-ASCII space character. 



escaped = "%" hex hex 

hex = digit | "A" | "B" | "C" | "D" | "E" | " F" | 

n a" j "b" j "c" | "d" j "e" j " f" 

2.4.2. When to Escape and Unescape 

A URI is always in an "escaped" form, since escaping or unescaping a 
completed URI might change its semantics. Normally, the only time 
escape encodings can safely be made is when the URI is being created 
from its component parts; each component may have its own set of 
characters that are reserved, so only the mechanism responsible for 
generating or interpreting that component can determine whether or 
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not escaping a character will change its semantics. Likewise, a URI 
must be separated into its components before the escaped characters 
within those components can be safely decoded. 

In some cases, data that could be represented by an unreserved 
character may appear escaped; for example, some of the unreserved 
"mark" characters are automatically escaped by some systems. If the 
given URI scheme defines a canonicalization algorithm, then 
unreserved characters may be unescaped according to that algorithm. 
For example, " %7e" is sometimes used instead of " ~" in an http URL 
path, but the two are equivalent for an http URL. 

Because the percent "%" character always has the reserved purpose of 
being the escape indicator, it must be escaped as "%25" in order to 
be used as data within a URI. Implementers should be careful not to 
escape or unescape the same string more than once, since unescaping 
an already unescaped string might lead to misinterpreting a percent 
data character as another escaped character, or vice versa in the 
case of escaping an already escaped string. 

2.4.3. Excluded US-ASCII Characters 

Although they are disallowed within the URI syntax, we include here a 
description of those US -ASCII characters that have been excluded and 
the reasons for their exclusion. 

The control characters in the US -ASCII coded character set are not 
used within a URI, both because they are non-printable and because 
they are likely to be misinterpreted by some control mechanisms. 

control = <US-ASCII coded characters 00-1F and 7F hexadecimal> 
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The space character is excluded because significant spaces may 
disappear and insignificant spaces may be introduced when URI are 
transcribed or typeset or subjected to the treatment of word- 
processing programs. Whitespace is also used to delimit URI in many 
contexts . 

space = <US-ASCII coded character 20 hexadecimal> 

The angle -bracket "<" and " >" and double-quote (") characters are 
excluded because they are often used as the delimiters around URI in 
text documents and protocol fields. The character "#" is excluded 
because it is used to delimit a URI from a fragment identifier in URI 
references (Section 4) . The percent character "%" is excluded because 
it is used for the encoding of escaped characters. 

delims = "<" | ">" ' | "#" | "%" | <"> 
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Other characters are excluded because gateways and other transport 
agents are known to sometimes modify such characters, or they are 
used as delimiters. 

unwise = "{" | "}" | "|" | "\" | " A " | " [ " | " ]" | 

Data corresponding to excluded characters must be escaped in order to 
be properly represented within a URI. 

3. URI Syntactic Components 

The URI syntax is dependent upon the scheme. In general, absolute 
URI are written as follows : 

< scheme > : < scheme -specific -part > 

An absolute URI contains the name of the scheme being used (<scheme>) 
followed by a colon ( " : " ) and then a string (the <scheme-specif ic - 
part>) whose interpretation depends on the scheme. 

The URI syntax does not require that the scheme- specif ic-part have 
any general structure or set of semantics which is common among all 
URI. However, a subset of URI do share a common syntax for 
representing hierarchical relationships within the namespace. This 
"generic URI" syntax consists of a sequence of four main components: 

<scheme> : / / <authority><path>?<query> 

each of which, except <scheme>, may be absent from a particular URI. 
For example, some URI schemes do not allow an <authority> component, 
and others do not use a <query> component . 

absoluteURI = scheme " : " ( hier_part | opaque_part ) 

URI that are hierarchical in nature use the slash "/" character for 
separating hierarchical components. For some file systems, a "/" 
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character (used to denote the hierarchical structure of a URI) is the 
delimiter used to construct a file name hierarchy, and thus the URI 
path will look similar to a file pathname. This does NOT imply that 
the resource is a file or that the URI maps to. an actual filesystem 
pathname . 

hier_part = ( net_path | abs_path ) [ "?" query ] 

net__path = "//" authority [ abs_path ] 

abs_path = "/" path_segments 



Berners-Lee, et . al . Standards Track [Page 11] 

□ 

RFC 2396 URI Generic Syntax August 1998 



URI that do not make use of the slash "/" character for separating 
hierarchical components are considered opaque by the generic URI 
parser. 

opaque_part = uric_no_slash *uric 

uric_no_slash = unreserved | escaped | ";" | "?" | *':" | "@" | 

" £c " I " — " I ti _|_ it j n <jj ii I II ^ II 

We use the term <path> to refer to both the <abs_path> and 
<opaque_jpart> constructs, since they are mutually exclusive for any 
given URI and can be parsed as a single component. 

3.1. Scheme Component 

Just as there are many different methods of access to resources, 
there are a variety of schemes for identifying such resources. The 
URI syntax consists of a sequence of components separated by reserved 
characters, with the first component defining the semantics for the 
remainder of the URI string. 

Scheme names consist of a sequence of characters beginning with a 
lower case letter and followed by any combination of lower case 
letters, digits, plus ("+"), period ("."), or hyphen ("-"). For 
resiliency, programs interpreting URI should treat upper case letters 
as equivalent to lower case in scheme names (e.g., allow "HTTP" as 
well as "http" ) . 

scheme = alpha *{ alpha | digit | " + " | »-" | . ) 

Relative URI references are distinguished from absolute URI in that 
they do not begin with a scheme name. Instead, the scheme is 
inherited from the base URI, as described in Section 5.2. 

3.2. Authority Component 

Many URI schemes include a top hierarchical element for a naming 
authority, such that the namespace defined by the remainder of the 
URI is governed by that authority. This authority component is 
typically defined by an Internet-based server or a scheme-specific 
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registry of naming authorities. 

authority = server | reg_name 

The authority component is preceded by a double slash "//" and is 
terminated by the next slash "/"/ question-mark " ?", or by the end of 
the URI . Within the authority component, the characters " ; " , 
"@'\ "?", and "/" are reserved. 
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An authority component is not required for a URI scheme to make use 
of relative references. A base URI without an authority component 
implies that any relative reference will also be without an authority 
component . 

3.2.1. Registry-based Naming Authority 

The structure of a registry-based naming authority is specific to the 
URI scheme, but constrained to the allowed characters for an 
authority component. 

reg_name = 1* ( unreserved | escaped | "$" | "," | 

n . ii | ii . ii | "@" | 11 & " I " = " I n + " ) 

3.2.2. Server-based Naming Authority . 

URL schemes that involve the direct use of an IP-based protocol to a 
specified server on the Internet use a common syntax for the server 
component of the URI ' s scheme - specif ic data: 

<userinf o>@<host> : <port> 

where <userinfo> may consist of a user name and, optionally, scheme- 
specific information about how to gain authorization to access the 
server. The parts " <userinf o>@" and ":<port>" may be omitted. 

server = [ [ userinfo "@" ] hostport ] 

The user information, if present, is followed by a commercial at -sign 
n @" . 

userinfo = * ( unreserved | escaped | 

II . II | II . II | II £. II | II _ II j » I It j II £j II I M II ) 

Some URL schemes use the format "user : password" in the userinfo 
field. This practice is NOT RECOMMENDED, because the passing of 
authentication information in clear text (such as URI) has proven to 
be a security risk in almost every case where it has been used. 

The host is a domain name of a network host, or its IPv4 address as a 
set of four decimal digit groups separated by " . " . Literal IPv6 
addresses are not supported. 

hostport = host [ " : " port ] 
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host = hostname | IPv4address 

hostname = * ( domainlabel " • ) toplabel [ • ] 

domainlabel = alphanum | alphanum *( alphanum | "-" ) alphanum 

toplabel = alpha | alpha *( alphanum | "-" ) alphanum 
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IPv4address 
port 



= l*digit 
= *digit 



l*digit 



l*digit 



l*digit 



Hostnames take the form described in Section 3 of [RFC1034] and 
Section 2 . 1 of [RFC1123] : a sequence of domain labels separated by 
" . "., each domain label starting and ending with an alphanumeric 
character and possibly also containing " - " characters. The rightmost 
domain label of a fully qualified domain name will never start with a 
digit, thus syntactically distinguishing domain names from IPv4 
addresses, and may be followed by a single " . " if it is necessary to 
distinguish between the complete domain name and any local domain. 
To actually be "Uniform" as a resource locator, a URL hostname should 
be a fully qualified domain name. In practice, however, the host 
component may be a local domain literal. 

Note: A suitable representation for including a literal IPv6 
address as the host part of a URL is desired', but has not yet been 
determined or implemented in practice. 

The port is the network port number for the server. Most schemes 
designate protocols that have a default port number. Another port 
number may optionally be supplied, in decimal, separated from the 
host by a colon. "If the port is omitted, the default port number is 
assumed . 

3.3. Path Component 



The path component contains data, specific to the authority (or the 
scheme if there is no authority component) , identifying the resource 
within the scope of that scheme and authority. 



path 

path_segments 

segment 

param 

pchar 



= [ abs_path | opaque_part ] 

= segment *( "/" segment ) 

= *pchar * ( " ; " param ) 

= *pchar 

= unreserved | escaped | 

n . it | n@n | n ^ ii | ii _ ii | it + 



II £ tl 



The path may consist of a sequence of path segments separated by a 
single slash "/" character. Within a path segment, the characters 
"/"/ ";"/ "=", and "?" are reserved. Each path segment may include 
sequence of parameters, indicated by the semicolon " ; " character. 
The parameters are not significant to the parsing of relative 
references . 
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3.4. Query Component 

The query component is a string of information to be interpreted by 
the resource . 



Within a query component, the characters ";", "/", "?", " : " , "@", 
" = ", " + " , " , and "$" are reserved. 

4 . URI References 

The term "URI -reference" is used here to denote the common usage of a 
resource identifier. A URI reference may be absolute or relative, 
and may have additional information attached in the form of a 
fragment identifier. However, "the URI" that results from such a 
reference includes only the absolute URI after the fragment 
identifier (if any) is removed and after any relative URI is resolved 
to its absolute form. Although it is possible to limit the 
discussion of URI syntax and semantics to that of the absolute 
result, most usage of URI is within general URI references, and it is 
impossible to obtain the URI from such a reference without also 
parsing the fragment and resolving the relative form. 

URI-ref erence = [ absoluteURI | relativeURI ] [ "#" fragment ] 

The syntax for relative URI is a shortened form of that for absolute 
URI, where some prefix of the URI is missing and certain path 
components ( " . " and "..") have a special meaning when, and only when, 
interpreting a relative path. The relative URI syntax is defined in 
Section 5 . 

4.1. Fragment Identifier 

When a URI reference is used to perform a retrieval action on the 
identified resource, the optional fragment identifier, separated from 
the URI by a Crosshatch ("#") character, consists of additional 
reference information to be interpreted by the user agent after the 
retrieval action has been successfully completed. As such, it is not 
part of a URI, but is often used in conjunction with a URI. 

fragment = *uric 

The semantics of a fragment identifier is a property of the data 
resulting from a retrieval action, regardless of the type of URI used 
in the reference. Therefore, the format and interpretation of 
fragment identifiers is dependent on the media type [RFC2046] of the 
retrieval result. The character restrictions described in Section 2 
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for URI also apply to the fragment in a URI-ref erence . Individual 
media types may define additional restrictions or structure within 
the fragment for specifying different types of "partial views" that 
can be identified within that media type. 

A fragment identifier is only meaningful when a URI reference is 
intended for retrieval and the result of that retrieval is a document 
for which the identified fragment is consistently defined. 

4.2. Same-document References 

A URI reference that does not contain a URI is a reference to the 
current document. In other words, an empty URI reference within a 
document is interpreted as a reference to the start of that document, 
and a reference containing only a fragment identifier is a reference 
to the identified fragment of that document. Traversal of such a 
reference should not result in an additional retrieval action. 
However > if the URI reference occurs in a context that is always 
intended to result in a new request, as in the case of HTML's FORM 
element, then an empty URI reference represents the base URI of the 
current document and should be replaced by that URI when transformed 
into a request. 

4.3. Parsing a URI Reference 

A URI reference is typically parsed according to the four main 
components and fragment identifier in order to determine what 
components are present and whether the reference is relative or 
absolute. The individual components are then parsed for their 
subparts and, if not opaque, to verify their validity. 

Although the BNF defines what is allowed in each component, it is 
ambiguous in terms of differentiating between an authority component 
and a path component that begins with two slash characters. The 
greedy algorithm is used for disambiguation: the left-most matching 
rule soaks up as much of the URI reference string as it is capable of 
matching. In other words, the authority component wins. 

Readers familiar with regular expressions should see Appendix B for a 
concrete parsing example and test oracle. 

5. Relative URI References 

It is often the case that a group or "tree" of documents has been 
constructed to serve a common purpose; the vast majority of URI in 
these documents point to resources within the tree rather than 
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outside of it. Similarly, documents located at a particular site are 
much more likely to refer to other resources at that site than to 
resources at remote sites. 

Relative addressing of URI allows document trees to be partially 
independent of their location and access scheme. For instance, it is 
possible for a single set of hypertext documents to be simultaneously 
accessible and traversable via each of the "file", "http", and "ftp" 
schemes if the documents refer to each other using relative URI. 
Furthermore, such document trees can be moved, as a whole, without 
changing any of the relative references. Experience within the WWW 
has demonstrated that the ability to perform relative referencing is 
necessary for the long-term usability of embedded URI. 

The syntax for relative URI takes advantage of the <hier_part> syntax 
of <absoluteURI> (Section 3) in order to express a reference that is 
relative to the namespace of another hierarchical URI. 

relativeURI = ( net_path | abs_path | rel_path ) [ "?" query ] 

A relative reference beginning with two slash characters is termed a 
network-path reference, as defined by <net_path> in Section 3. Such 
references are rarely used. 

A relative reference beginning with a single slash character is 
termed an absolute-path reference, as defined by <abs_path> in 
Section 3. 

A relative reference that does not begin with a scheme name or a 
slash character is termed a relative-path reference. 

*rel_path = rel_segment [ abs_path ] 

rel_segment = 1* ( unreserved | escaped | 

n . it | "@» | J " = " | » + " | "<•>•' j n " ) 

Within a relative-path reference, the complete path segments "." and 
" . . " have special meanings: "the current hierarchy level" and "the 
level above this hierarchy level", respectively. Although this is 
very similar to their use within Unix-based filesystems to indicate 
directory levels, these path components are only considered special 
when resolving a relative -path reference to its absolute form 
(Section 5.2). 

Authors should be aware that a path segment which contains a colon 
character cannot be used as the first segment of a relative URI path 
(e.g., " this : that ") , because it would be mistaken for a scheme name. 



Berners-Lee, et . al . Standards Track [Page 17] 

CD- 
RFC 2396 URI Generic Syntax August 1998 



It is therefore necessary to precede such segments with other 
segments (e.g., ". /this : that " ) in order for them to be referenced as 



a relative path. 
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It is not necessary for all URI within a given scheme to be 
restricted to the <hier_j?art> syntax, since the hierarchical 
properties of that syntax are only necessary when relative URI are 
used within a particular document. Documents can only make use of 
relative URI when their base URI fits within the <hier_part> syntax. 
It is assumed that any document which contains a relative reference 
will also have a base URI that obeys the syntax. In other words, 
relative URI cannot be used within a document that has an unsuitable 
base URI. 

Some URI schemes do not allow a hierarchical syntax matching the 
<hier_part> syntax, and thus cannot use relative references. 

■5.1. Establishing a Base URI 

The term "relative URI" implies that there exists some absolute "base 
URI" against which the relative reference is applied. Indeed, the 
base URI is necessary to define the semantics of any relative URI 
reference; without it, a relative reference is meaningless. In order 
for relative URI to be usable within a document, the base URI of that 
document must be known to the parser. 

The base URI of a document can be established in one of four ways, 
listed below in order of precedence. The order of precedence can be 
thought of in terms of layers, where the innermost defined base URI 
has the highest precedence. This can be .visualized graphically as: 



<relative ref erence> 



(5.1.1) Base URI embedded in the 
document ' s content 



(5.1.2) Base URI of the encapsulating entity 
(message, document, or none) . 



(5.1.3) URI used to retrieve the entity 



(5.1.4) Default Base URI is application-dependent 
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5.1.1. Base URI within Document Content 

Within certain document media types, the base URI of the document can 
be embedded within the content itself such that it can be readily 
obtained by a parser. This can be useful for descriptive documents, 
such as tables of content, which may be transmitted to others through 
protocols other than their usual retrieval context (e.g., E-Mail or 
USENET news) . 
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It is beyond the scope of this document to specify how, for each 
media type, the base URI can be embedded. It is assumed that user 
agents manipulating such media types will be able to obtain the 
appropriate syntax from that media type's specification. An example 
of how the base URI can be embedded in the Hypertext Markup Language 
(HTML) [RFC1866] is provided in Appendix D. 

A mechanism for embedding the base URI within MIME container types 
(e.g., the message and multipart types) is defined by MHTML 
[RFC2110] . Protocols that do not use the MIME message header syntax, 
but which do allow some form of tagged metainf ormation to be included 
within messages, may define their own syntax for defining the base 
URI as part of a message. 

5.1.2. Base URI from the Encapsulating Entity 

If no base URI is embedded, the base URI of a document is defined by 
the document's retrieval context. For a document that is enclosed 
within another entity (such as a message or another document) , the 
retrieval context is that entity; thus, the default base URI of the 
document is the base URI of the entity in which the document is 
encapsulated . 

5.1.3. Base URI from the Retrieval URI 

If no base URI is embedded and the document is not encapsulated 
within some other entity (e.g., the top level of a composite entity), 
then, if a URI was used to retrieve the base document, that URI shall 
be considered the base URI. Note that if the retrieval was the 
result of a redirected request, the last URI used (i.e., that which 
resulted in the actual retrieval of the document) is the base URI. 

5.1.4. Default Base URI 

If none of the conditions described in Sections 5. 1.1- -5. 1.3 apply, 
then the base. URI is defined by the context of the application. 
Since this definition is necessarily application-dependent, failing 
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to define the base URI using one of the other methods may result in 
the same content being interpreted differently by different types of 
application . 

It is the responsibility of the distributor (s) of a document 
containing relative URI to ensure that the base URI for that document 
can be established. It must be emphasized that relative URI cannot 
be used reliably in situations where the document's base URI is not 
well-defined. 

5.2. Resolving Relative References to Absolute Form 
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This section describes an example algorithm for resolving URI 
references that might be relative to a given base URI. 

The base URI is established according to the rules of Section 5.1 and 
parsed into the four main components as described in Section 3. Note 
that only the scheme component is required to be present in the base 
URI; the other components may be empty or undefined. A component is 
undefined if its preceding separator does not appear in the URI ' 
reference; the path component is never undefined, though it may be 
empty. The base URI • s query component is not used by the resolution 
algorithm and may be discarded. 

For each URI reference, the following steps are performed in order: 

1) The URI reference is parsed into the potential four components and 
fragment identifier, as described in Section 4.3. 

2) If the path component is empty and the scheme, authority, and 
query components are undefined, then it is a reference to the 
current document and we are done. Otherwise, the reference URI 1 s 
query and fragment components are defined as found (or not found) 
within the URI reference and not inherited from the base URI. 

3) If the scheme component is defined, indicating that the reference 
starts with a scheme name, then the reference is interpreted as an 

- absolute URI and we are done. Otherwise, the reference URI ' s 
scheme is inherited from the base URI ' s scheme component. 

Due to a lo.ophole in prior specifications [RFC1630] , some parsers 
allow the scheme name to be present in a relative URI if it is the 
same as the base URI scheme. Unfortunately, this can conflict 
with the correct parsing of non-hierarchical URI. For backwards 
compatibility, an implementation may work around such references 
by removing the scheme if it matches that of the base URI and the 
scheme is known to always use the <hier_part> syntax. The parser 
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can then continue with the steps below for the remainder of the 
reference components . Validating parsers should mark such a 
misformed relative reference as an error. 

4) If the authority component is defined, then the reference is a 
network-path and we skip to step 7. Otherwise, the reference 
URI ' s authority is inherited from the base URI ' s authority 
component, which will also be undefined if the URI scheme does not 
use an authority component. 

5) If the path component begins with a slash character {"/"), then 
the reference is an absolute -path and we skip to step 7. 

6) If this step is reached, then we are resolving a relative-path 
reference. The relative path needs to be merged with the base 
URI ' s path. Although there are many ways to do this, we will 
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describe a simple method using a separate string buffer. 

a) All but the last segment of the base URI 1 s path component is 
copied to the buffer. In other words, any characters after the 
last (right-most) slash character, if any, are excluded. 

b) The reference's path component is appended to the buffer 
string . 

c) All occurrences of "./", where " . " is a complete path segment, 
are removed from the buffer string. 

d) If the buffer string ends with " . " as a complete path segment, 
that "." is removed. 

e) All occurrences of "<segment>/ . . / " , where <segment> is a 
complete path segment not equal to " . . " , are removed from the 
buffer string. Removal of these path segments is performed 
iteratively, removing the leftmost ' matching pattern on each 
iteration, until no matching pattern remains. 

f) If the buffer string ends with "<segment>/. . ", where <segment> 
is a complete path segment not equal to that 

" <segment>/ . . " is removed. 

g) If the resulting buffer string still begins with one or more 
complete path segments of " . . " , then the reference is 
considered to be in error. Implementations may handle this 
error by retaining these components in the resolved path (i.e., 
treating them as part of the final URI) , by removing them from 
the resolved path (i.e., discarding relative levels above the 
root), or by avoiding traversal of the reference. 
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h) The remaining buffer string is the reference URI 1 s new path 
component . 

7) The resulting URI components, including any inherited from the 
base URI, are recombined to give the absolute form of the URI 
reference. Using pseudocode, this would be 

result = 

if scheme is defined then 
append scheme to result 
append " : " to result 

if authority is defined then 
append "//" to result 
append authority to result 

append path to result 

if query is defined then 
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append " ?" to result 
append query to result 

if fragment is defined then 
append "#" to result 
append fragment to result 

return result 

Note that we must be careful to preserve the distinction between a 
component that is undefined, meaning that its separator was not 
present in the reference, and a component that is empty, meaning 
that the separator was present and was immediately followed by the 
next component separator or the end of the reference. 

The above algorithm is intended to provide an example by which the 
output of implementations can be tested -- implementation of the 
algorithm itself is not required. For example, some systems may find 
it more efficient to implement step 6 as a pair of segment stacks 
being merged, rather than as a series of string pattern replacements. 

Note: Some WWW client applications will fail to separate the 
reference's query component from its path component before merging 
the base and reference paths in step 6 above. This may result in 
a loss of. information if the query component contains the strings 
■'/../" or '*/./" . 

Resolution examples are provided in Appendix C. 



Berners-Lee, et . al . Standards Track [Page 22] 



6. URI Normalization and Equivalence 

In many cases, different URI strings may actually identify the 
identical resource. For example, the host names used in URL are 
actually case insensitive, and the URL <http://www.XEROX.com> is 
equivalent to <http://www.xerox.com>. In general, the rules for 
' equivalence and definition of a normal form, if any, are scheme 
dependent. When a scheme uses elements of the common syntax, it will 
also use the common syntax equivalence rules, namely that the scheme 
and hostname are case insensitive and a URL with an explicit ":port", 
where the port is the default for the scheme, is equivalent to one 
where the port is elided. 

7. Security Considerations 

A URI does not in itself pose a security threat. Users should beware 
that there is no general guarantee that a URL, which at one time 
located a given resource, will continue to do so. Nor is there any 
guarantee that a URL will not locate a different resource at some 
later point in time, due to the lack of any constraint on how a given 
authority apportions its namespace. Such a guarantee can only be 
obtained from the person (s) controlling that namespace and the 
resource in question. A specific URI scheme may include additional 
semantics, such as name persistence, if those semantics are required 
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of all naming authorities for that scheme. 

It is sometimes possible to construct a URL such that an attempt to 
perform a seemingly harmless, idempotent operation, such as the 
retrieval of an entity associated with the resource, will in fact 
cause a possibly damaging remote operation to occur. The unsafe URL 
is typically constructed by specifying a port number other than that 
reserved for the network protocol in question. The client 
unwittingly contacts a site that is in fact running a different 
protocol. The content of the URL contains instructions that, when 
interpreted according to this other protocol, cause an unexpected 
operation. An example has been the use of a gopher URL to cause an 
unintended or impersonating message to be sent via a SMTP server. 

Caution should be used when using any URL that specifies a port 
number other than the default for the protocol, especially when it is 
a number within the reserved space. 

Care should be taken when a URL contains escaped delimiters for a 
given protocol (for example, CR and LF characters for telnet 
protocols) that these are not unescaped before transmission. This 
might violate the protocol, but avoids the potential for such 
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characters to be used to simulate an extra operation or parameter in 
that protocol, which might lead to an unexpected and possibly harmful 
remote operation to be performed. 



It is clearly unwise to use a URL that contains a password which is 
intended to be secret, in particular, the use of a password within 
the 'userinfo' component of a URL is strongly disrecommended except 
in those rare cases* where the 'password' parameter is intended to be 
public . 
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A. Collected BNF for URI 



URI-ref erence 

absoluteURI 

relativeURI 

hier_part 
opaque_part 

uric no slash 



net_path 
abs_path 
rel_j?ath 

rel_segment 



scheme 

authority 

reg_name 



server 
userinf o 



hostport 
host 

hostname 
domainlabel 
toplabel 
IPv4 address 
port 

path 

path_segments 



[ absoluteURI | relativeURI ] [ "#" fragment ] 

scheme " : " { hier__part | opaque_part ) 

( net_path | abs_path | rel_path ) [ "?" query ] 

( net_path | abs_path ) [ " ?" query ] 
uric_no_slash *uric 

unreserved | escaped | " ; " | "?" | " : " | "@" | 
" Sc " | " = " j " + " | " $ " | " " 

"//" authority [ abs_path ] 
"/" path_segments 
rel_segment [ abs_path ] 

1* ( unreserved | escaped | 

it . ii | " @ " | "5c" | " = " j it + it | ti it | ii, ti ) 

alpha *( alpha | digit | "+» | "-" | . ) 
server | reg_name 

1* ( unreserved | escaped | "$" | "," | 

ti . ii | ii . n | "@" | | ii = ii | it _|_ ii J 



[ [ userinfo "@" ] hostport ] 

* ( unreserved | escaped | 

n . tt | ti . it | ti £ ti | ti _ ii | ti _j_ t 



' $ " | " , " ) 



host [ i port ] 

hostname | IPv4address 

* ( domainlabel " . " ) toplabel [ » . " ] 

alphanum | alphanum *( alphanum | "-" ) alphanum 

alpha | alpha * ( alphanum | " - " ) alphanum 

l*digit " . " l*digit "." l*digit " . " l*digit 

*digit 

[ abs_path | opaque_part ] 
segment *( "/" segment ) 
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segment 

param 

pchar 



*pchar * ( " ; " param ) 
*pchar 

unreserved | escaped 

11 . ti I it@it l n £.n I n — " 



query 
fragment 



*unc 



= *unc 



Berners-Lee, et , 

□ 

RFC 2396 



al. 



Standards Track 
URI Generic Syntax 



[Page 27] 
August 1998 



uric 

reserved 

unreserved 
mark 



escaped 
hex 



alphanum 
alpha 



reserved | unreserved 

ii . ii | n J M | it 9 ii | II . ii 
11 ^ ii j ii it 

alphanum | mark 

n _ ii | ii ii j ii it | n j it 

it ^ H I .. ) it 



"%" hex hex 
digit | "A" | "B" 
"a" | "b" 



escaped 

"@" | | " = » | » + *' 



j M * II | II I II | 



"C" 
"c" 



alpha | , digit 
lowalpha | upalpha 



"D" 
"d" 



"E" 
"e" 



„ F „ | 

II £ It 



lowalpha = 


"a" 


"b" 


"C" 


"d" 


11 Q 11 


it £ it 


Ilgtl 


"h" 


"i" 




n -j ti 


"k" 


ti ^ it 


"m" 


"n" 


"O" 


II pit 


t.q.i 


11 y~ It 




"s" 


H ^- ii 


"u" 


"V" 


"w" 


"X" 


II y It 


"z" 




upalpha 


"A" 


"B" 


II £1 11 


"D" 


"E" 


II p 11 


i.q it 


"H" 


11 J 11 




nji. 


"K" 


"L" 


iijyjn 


" N " 


HQ.. 


ii p it 


MQ.I 


"R" 




" S " 


ii fp ii 


"U" 


"V" 


"W" 


"X" 


n y " 


"Z" 




digit 


"0" 
"8" 


ii ii 
ti ^ " 


I. 2 H 


ii 3 ii 


ii 4 ii 


ii 5 ii 


" 6 " 


„ 7 1. 
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B. Parsing a URI Reference with a Regular Expression 

As described in Section 4.3, the generic URI syntax is not sufficient 
to disambiguate the components of some forms of URI. Since the 
"greedy algorithm" described in that section is identical to the 
disambiguation method used by POSIX regular expressions, it is 
natural and commonplace to use a regular expression for parsing the 
potential four components and fragment identifier of a URI reference. 

The following line is the regular expression for breaking-down a URI 
reference into its components. 



The numbers in the second line above are only to assist readability; 
they indicate the reference points for each subexpression (i.e., each 
paired parenthesis) . We refer to the value matched for subexpression 
<n> as $<n>. For example, matching the above expression to 

http : / /www . ics . uci . edu/pub/ ietf /uri/#Related 

results in the following subexpression matches: 



$1 


= http: 


$2 


= http 


$3 


= //www. ics . uci . edu 


$4 


= www.ics.uci.edu 


$5 


= /pub/ietf /uri/ 


$6 


= <undefined> 


$7 


= <undefined> 


$8 


= #Related 


$9 


= Related 



where <undefined> indicates that the component is not present, as is 
the case for the query component in the above example. Therefore, we 
can determine the value of the four components and fragment as 

scheme = $2 
authority = $4 
path = $5 

query = $7 

fragment = $9 

and, going in the opposite direction, we can recreate a URI reference 
from its components using the algorithm in step 7 of Section 5.2. 



A ( ([":/?#]+) :)?(//( r/?#] *))?([*?#]*) (\?<r#l *))?(# (■*))? 
12 34 5 6.7 89 
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C. Examples of Resolving Relative URI References 
Within an object with a well-defined base URI of 

http://a/b/c/d;p?q 
the relative URI would be resolved as follows: 

C.l. Normal Examples 



g:h 


= g:h 




g 


= http 


//a/b/c/g 


• /g 


= http 


//a/b/c/g 


9/ 


= http 


//a/b/c/g/ 


/g 


= http 


//a/g 


//g 


= http 


//g 


?y 


= http 


//a/b/c/?y 


g?y 


= http 


//a/b/c/g?y 


#s 


= (current document) #s 


g#s 


= http 


//a/b/c/g#s 


g?y#s 


= http 


//a/b/c/g?y#s 


;x 


= http 


//a/b/c/;x 


g;x 


= http 


//a/b/c/g,-x 


g;x?y#s 


= http 


//a/b/c/g;x?y#s 




= http 


//a/b/c/ 


• / 


= http 


//a/b/c/ 




= http 


//a/b/ 


• •/ 


= http 


//a/b/ 


• •/g 


= http 


//a/b/g 


. ./. . 


= http 


//a/ 


• •/• •/ 


= http 


//a/ 


. ./. ./g 


= http 


//a/g 



C.2. Abnormal Examples 

Although the following abnormal examples are unlikely to occur in 
normal practice, all URI parsers should be capable of resolving them 
consistently. Each example uses the same base as above. 

An empty reference refers to the start of the current document. 

<> = (current document) 

Parsers must be careful in handling the case where there are more 
relative path " . . " segments than there are hierarchical levels in the 
base URI 1 s path. Note that the " . . " syntax cannot be used to change 
the authority component of a URI. 
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../../. Jg = http://a/. Jg 
.J.J.J, ./g = http://a/. ./. Jg 

In practice, some implementations strip leading relative symbolic 
elements (".", "..") after applying a relative URI calculation, based 
on the theory that compensating for obvious author errors is better 
than allowing the request to fail. Thus, the above two references 
will be interpreted as n http://a/g" by some implementations. 

Similarly, parsers must avoid treating "." and as special when 

they are not complete components of a relative path. 



/./g - http://a/./g 

/•Jg = http://a/. Jg 

g. = http://a/b/c/g. 

.g = http://a/b/c/.g 

g.. = http://a/b/c/g. . 

..g = http://a/b/c/. .g 



Less likely are cases where the relative URI uses unnecessary or 
nonsensical forms of the "." and complete path segments. 



J • Jg = http://a/b/g 

./g/. = http://a/b/c/g/ 

g/./h = http://a/b/c/g/h 

g/ . . /h = http : //a/b/c/h 

g;x=l/./y = http://a/b/c/g;x=l/y 

g;x=l/../y - http : //a/b/c/y 



All client applications remove the query component from the base URI 
before resolving relative URI. However, some applications fail to 
separate the reference's query and/or fragment components from a 
relative path before merging it with the base path. This error is 
rarely noticed, since typical usage of a fragment never includes the 
hierarchy (*'/") character, and the query component is not normally 
used within relative references . 



g?y/ ./x 
g?y/. ./x 
g#s/./x 
g#s/. ./x 



http 
http 
http 
http 



//a/b/c/g?y/./x 
//a/b/c/g?y/. . /x 
//a/b/c/g#s/./x- 
//a/b/c/g#s/. . /x 
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Some parsers allow the scheme name to be present in a relative URI if 
it is the same as the base URI scheme. This is considered to be a 
loophole in prior specifications of partial URI [RFC1630] . Its use 
should be avoided. 

http:g = http:g .; for validating parsers 

| http : //a/b/c/g ; for backwards compatibility 
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D. Embedding the Base URI in HTML documents 

It is useful to consider an example of how the base URI of a document 
can be embedded within the document's content. In this appendix, we 
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describe how documents written in the Hypertext Markup Language 
(HTML) [RFC1866] can include an embedded base URI . This appendix 
does not form a part of the URI specification and should not be 
considered as anything more than a descriptive example. 

HTML defines a special element "BASE" which, when present in the 
"HEAD" portion of a document, signals that the parser should use the 
BASE element's "HREF" attribute as the base URI for resolving any 
relative URI. The "HREF" attribute must be an absolute URI. Note 
that, in HTML, element and attribute names are case- insensitive . For 
example : 

<!doctype html public " -// IETF/ /DTD HTML/ /EN" > 
<HTMLxHEAD> 

<TITLE>An example HTML document</TITLE> 

<BASE href ="http : //www. ics .uci . edu/Test/a/b/c " > 

</HEADxBODY> 

... <A href = " . . /x" >a hypertext anchor</A> ... 
</ BODY ></ HTML > 

A parser reading the example document should interpret the given 
relative URI "../x" as representing the absolute URI 

<http : / /www. ics . uci . edu/Test/ a/x> 

regardless of the context in which the example document was obtained. 



E. Recommendations for Delimiting URI in Context 

URI are often transmitted through formats that do not provide a clear 
context for their interpretation. For example, there are many 
occasions when URI are included in plain text; examples include text 
sent in electronic mail, USENET news messages, and, most importantly, 
printed on paper. In such cases, it is important to be able to 
delimit the URI from the rest of the text, and in particular from 
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punctuation marks that might be mistaken for part of the URI . 

In practice, URI are delimited in a variety of ways, but usually 
within double-quotes "http://test.com/", angle brackets 
<http://test.com/>, or just using whitespace 

http : //test . com/ 

These wrappers do not form part of the URI. 

In the case where a fragment identifier is associated with a URI 
reference, the fragment would be placed within the brackets as well 
(separated from the URI with a "#" character) . 

In some cases, extra whitespace (spaces, linebreaks, tabs, etc.) may 
need to be added to break long URI across lines. The whitespace 
should be ignored when extracting the URI . 

No whitespace should be introduced after a hyphen ("-") character. 
Because some typesetters and printers may (erroneously) introduce a 
hyphen at the end of line when breaking a line, the interpreter of a 
URI containing a line break immediately after a hyphen should ignore 
all unescaped whitespace around the line break, and should be aware 
that the hyphen may or may not actually be part of the URI. 

Using <> angle brackets around each URI is especially recommended as 
a delimiting style for URI that contain whitespace. 

The prefix "URL:" (with or without a trailing space) was recommended 
as a way to used to help distinguish a URL from other bracketed 
designators, although this is not common in practice. 

For robustness, software that accepts user-typed URI should attempt 
to recognize and strip both delimiters and embedded whitespace. 

For example, the text: 
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Yes, Jim, I found it under "http://www.w3.org/Addressing/", 
but you can probably pick it up from <f tp : //ds . internic . 
net/rfc/>. Note the warning in <http://www.ics.uci.edu/pub/ 
ietf /uri/historical . html # WARNING > . 

contains the URI references 

http : / /www . w3 . org/Addressing/ 
f tp : //ds . internic . net/rf c/ 

http : / /www. ics . uci . edu/pub/ ietf /uri/historical . html#WARNING 
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F. Abbreviated URLs 

The URL syntax was designed for unambiguous reference to network 
resources and extensibility via the URL scheme. However, as URL 
identification and usage have become commonplace, traditional media 
(television, radio, newspapers, billboards, etc.) have increasingly 
used abbreviated URL references. That is, a reference consisting of 
only the authority and path portions of the identified resource, such 
as 

www . w3 . org/Addressing/ 

or simply the DNS hostname on its own. Such references are primarily 
intended for human interpretation rather than machine, with the 
assumption that context-based heuristics are sufficient to complete 
the URL (e.g., most hostnames beginning with "www" are likely to have 
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a URL prefix of M http://"). Although there is no standard set of 
heuristics for disambiguating abbreviated URL references, many client 
implementations allow them to be entered by the user and 
heuristically resolved. It should be noted that such heuristics may 
change over time, particularly when new URL schemes are introduced. 

Since an abbreviated URL has the same syntax as a relative URL path, 
abbreviated URL references cannot be used in contexts where relative 
URLs are expected. This limits the use of abbreviated URLs to places 
where there is no defined base URL, such as dialog boxes and off-line 
advertisements. 
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G. Summary of Non-editorial Changes 
G.l. Additions 

Section 4 (URI References) was added to stem the confusion regarding 
"what is a URI" and how to describe fragment identifiers given that 
they are not part of the URI, but are part of the URI syntax and 
parsing concerns. In addition, it provides a reference definition 
for use by other IETF specifications {HTML, HTTP, etc.) that have 
previously attempted to redefine the URI syntax in order to account 
for the presence of fragment identifiers in URI references. 

Section 2.4 was rewritten to clarify a number of misinterpretations 
and to leave room for fully internationalized URI. 

Appendix F on abbreviated URLs was added to describe the shortened 
references often seen on television and magazine advertisements and 
explain why they are not used in other contexts. 

G.2. Modifications from both RFC 1738 and RFC 1808 
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Changed to URI syntax instead of just URL. 

Confusion regarding the terms "character encoding", the URI 
"character set", and the escaping of characters with %<hex><hex> 
equivalents has (hopefully) been reduced. Many of the BNF rule names 
regarding the character sets have been changed to more accurately 
describe their purpose and to encompass all "characters" rather than 
just US-ASCII octets. Unless otherwise noted here, these 
modifications do not affect the URI syntax. 

Both RFC 1738 and RFC 1808 refer to the "reserved" set of characters 
as if URI -interpreting software were limited to a single set of 
characters with a reserved purpose (i.e., as meaning something other 
than the data to which the characters correspond) , and that this set 
was fixed by the URI scheme. However, this has not been true in 
practice; any character that is interpreted differently when it is 
escaped is, in effect, reserved. Furthermore, the interpreting 
engine on a HTTP server is often dependent on the resource, not just 
the URI scheme. The description of reserved characters has been 
changed accordingly. 

The plus "+", dollar "$", and comma " , " characters have been added to 
those in the "reserved" set, since they are treated as reserved 
within the query component . 
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The tilde "~" character was added to those in the "unreserved" set, 
since it is extensively used on the Internet in spite of the 
difficulty to transcribe it with some keyboards. 

The syntax for URI scheme has been changed to require that all 
schemes begin with an alpha character. 

The "user rpassword" form in the previous BNF was changed to a 
"userinfo" token, and the possibility that it might be 
"user :password" made scheme specific. In particular, the use of 
passwords in the clear is not even suggested by the syntax. 

The question-mark "?" character was removed from the set of allowed 
characters for the userinfo in the authority component, since testing 
showed that many applications treat it as reserved for separating the 
query component from the rest of the URI. 

The semicolon " ; " character was added to those stated as being 
reserved within the authority component, since several new schemes 
are using it as a separator within userinfo to indicate the type of 
user authentication. 

RFC 1738 specified that the path was separated from the authority 
portion of a URI by a slash. RFC 1808 followed suit, but with a 
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fudge of carrying around the separator as a "prefix" in order to 
describe the parsing algorithm. RFC 163 0 never had this problem, 
since it considered the slash to be part of the path. In writing 
this specification, it was found to be impossible to accurately 
describe and retain the difference between the two URI 

<foo:/bar> and <foo:bar> 
without either considering the slash to be part of the path (as 
corresponds to actual practice) or creating a separate component just 
to hold that slash. We chose the former. 

G.3. Modifications from RFC 1738 

The definition of specific URL schemes and their scheme-specific 
syntax and semantics has been moved to separate documents. 

The URL host was defined as a fully-qualified domain name. However, 

many URLs are used without fully-qualified domain names (in contexts 

for which the full qualification is not. necessary) , without any host 
(as in some file URLs), or with a host of "localhost". 

The URL port is now *digit instead of l*digit, since systems are 
expected to handle the case where the " : " separator between host and 
port is supplied without a port. 
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The recommendations for delimiting URI in context (Appendix E) have 
been adjusted to reflect current practice. 

G.4. Modifications from RFC 1808 

RFC 1808 (Section 4) defined an empty URL reference (a reference 
containing nothing aside from the fragment identifier) as being a 
reference to the base URL. Unfortunately, that definition could be 
interpreted, upon selection of such a reference, as a new retrieval 
action on that resource. Since the normal intent of such references 
is for the user agent to change its view of the current document to 
the beginning of the specified fragment within that document, not to 
make an additional request of the ' resource , a description of how to 
correctly interpret an empty reference has been added in Section 4 . 

The description of the mythical Base header field has been replaced 
with a reference to the Content-Location header field defined by 
MHTML [RFC2110] . 

RFC 1808 described various schemes as either having or not having the 
properties of the generic URI syntax. However, the only requirement 
is that the particular document containing the relative references 
have a base URI that abides by the generic URI syntax, regardless of 
the URI scheme, so the associated description has been updated to 
reflect that. 

The BNF term <net_loc> has been replaced with <authority>, since the 
latter more accurately describes its use and purpose. Likewise, the 
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authority is no longer restricted to the IP server syntax. 

Extensive testing of current client applications demonstrated that 
the majority of deployed systems do not use the ";" character to 
indicate trailing parameter information, and that the presence of a 
semicolon in a path segment does not affect the relative parsing of 
that segment. Therefore, parameters have been removed as a separate 
component and may now appear in any path segment. Their influence 
has been removed from the algorithm for resolving a relative URI 
reference. The resolution examples in Appendix C have been modified 
to reflect this change. 

Implementations are now allowed to work around misformed relative 
references that are prefixed by the same scheme as the base URI, but 
only for schemes known to use the <hier_part> syntax. 
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H. Full Copyright Statement 

Copyright (C) The Internet Society (1998) . All Rights Reserved. 

This document and translations of it may be copied and furnished to 
others, and derivative works that comment on or otherwise explain it 
or assist in its implementation may be prepared, copied, published 
and distributed, in whole or in part, without restriction of any 
kind, provided that the above copyright notice and this paragraph are 
included on all such copies and derivative works. However, this 
document itself may not be modified in any way, such as by removing 
the copyright notice or references to the Internet Society or other 
Internet organizations, except as needed for the purpose of 
developing Internet standards in which case the procedures for 
copyrights defined in the Internet Standards process must be 
followed, or as required to translate it into languages other than 
English . 

The limited permissions granted above are perpetual and will not be 
revoked by the Internet Society or its successors or assigns. 

This document and the information contained herein is provided on an 
"AS IS" basis and THE INTERNET SOCIETY AND THE INTERNET ENGINEERING 
TASK FORCE DISCLAIMS ALL WARRANTIES, EXPRESS OR IMPLIED, INCLUDING 
BUT NOT LIMITED TO ANY WARRANTY THAT THE USE OF THE INFORMATION 
HEREIN WILL NOT INFRINGE ANY RIGHTS OR ANY IMPLIED WARRANTIES OF 
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. 
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Summary 

This paper outlines some of the latest World Wide Web developments, in particular standards which are 
emerging from W3C, the World Wide Web Consortium. The paper gives an overview of the 
architectural components of the Web, summarise their deficiencies and describe how these deficiencies 
are being addressed. 

The paper should be of interest to people involved in developing applications and services on the Web 
and anyone who has a general interest in future developments of the Web. 

Background 

The World Wide Web (often referred to as the web) is a distributed hypermedia system which is based 
on three key architectural components: 

1 . Data format 

2. Addressing 

3. Transport 

The native file format for resources on the web is the HyperText Markup Language (HTML). 

The address for resources on the web is given by a Uniform Resource Locator (URL). 

Resources on the web are transported from a server to the user's client system using the Hypertext 
Transport Protocol (HTTP). 

We will look at these three architectural components in more detail. 

Data Format 

HTML (Hypertext Markup Language) is an application of SGML (Standard Generalised Markup 
Language). The first release, HTML 1.0, provided the hypertext linking which Web users today will be 
familiar with. HTML 1.0, in keeping with the spirit of SGML of defining the structural elements in 
documents, included the basic structural elements still in use today, such as paragraphs (the <p> 
element) and headings (<hi> to <H6>) as well as a small number of formatting elements, such as italic 
<i> and bold <b>. 
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HTML 2.0 introduced a number of innovations which were incorporated in NCSA's Mosaic web 
browser, including inline images and forms. Yes the initial implementation of the web did not include 
inline images! 

At the first international WWW conference held in CERN, Switzerland in May 1994 David Raggett 
outlined a roadmap for future developments of HTML. HTML 3.0 (which was initially known as 
HTML+) would include a range of new features such as tables, richer forms and support for 
mathematical equations. 

HTML 3.0 was submitted to the Internet Engineering Task Force (IETF). Unfortunately it failed to be 
standardised, due to a failure to reach consensus. This failure was due partly to the size and complexity 
of the proposal and also due to the lack of interest from the commercial web browser vendors. 

In October 1994, the first version of the Netscape browser was released. Although Netscape proved 
tremendously popular, it also, controversially, announced support for a number of HTML elements 
which have not featured in discussions of developments to HTML such as the infamous <blink> 
element. 

By 1995 Microsoft had become aware of the importance of the web. Initially their browser, Internet 
Explorer, was based on a licensed version of the original Mosaic browser. By the time Internet Explorer 
3.0 was released (which was developed in-house), Microsoft were beginning to compete with Netscape 
for browser market share. This competition resulted in both companies announcing a variety of new 
HTML elements, with, for example, Microsoft responding to <blink> with their <marquee> element for 
displaying scrolling text. 

The browser wars resulted in confusion within the marketplace. Large companies, who were beginning 
to invest large sums of money in corporate Intranets, found the lack of interworking across browser and 
platforms placed a barrier on further growth. 

At the same time as large corporations began to express their concerns over the browser wars, 
developers of web standards began to raise doubts as to the long term effectiveness of what became 
known as the HTML "tag soup". Pressures from large corporate users on one side and the web standards 
community on the other helped to force Microsoft and Netscape to work together, within W3C working 
groups responsible for coordinating the development of new HTML proposals. By January 1997 the 
HTML 3.2 proposal was accepted as a W3C recommendation [1] . HTML 3.2 was based on current 
established working practices. During 1997 work began on a new version of HTML, which had the 
codename Cougar. In December 1997 W3C announced [2] that HTML 4.0 (as Cougar became known 
as) had been accepted as a W3C recommendation. 

HTML 4.0 included enhancements in a number of areas, such as more sophisticated forms and tables. 
HTML 4.0 added features to make web resources more accessible by providing support for people with 
disabilities and for non-English speaking users. Although HTML 4.0 gave recognition to the widespread 
deployment of frames, it did not introduce a wide range of new features. It primarily provided hooks for 
embedding other resources within HTML documents, such as multimedia objects and scripting 
languages. In addition HTML 4.0 provided support for style sheets. 

Style Sheets 

As mentioned earlier, HTML was originally intended to define the structure of a document. It has 
always been recognised that the appearance of a document was important. However it was felt that the 
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appearance should be held separately from the content of a document. 



The initial recommendation for style sheets, Cascading Style Sheets level 1 (CSS1), was announced in 
December 1996 [3]. However CSS1 was only partly supported in Microsoft's Internet Explorer 3.0 
(which was available at the time) and was not supported in Netscape Navigator 3.0. Exerienced gained 
in the way in which CSS1 was used highlighted a number of backwards-compatibility issues. 

In November 1997 A draft release of CSS level 2 was announced [4]. CSS2 provides a great deal of 
control over the appearance of a document. CSS can be included inline within an HTML element or 
within the head of a document. However for maintenance purposes, it is better if the CSS is included as 
an external linked file. For example, all of the conference papers published in the conference 
proceedings could point to a single style sheet file. Changing the house style for the papers will simply 
require changing a single file. 

An example of use of a simple style sheet is shown in Figure 1. 
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Summary 



This paper outlines some of the latest Web developments, including Web 
standards which are emerging from W3C, the World Wide Web 
Consortium. The paper gives an overview of the architectural 
components of the Web (including data formats and transport protocols), 
summarise their deficiencies (such as the well-known deficiencies in 
HTML and the performance problems of the Web), and describe how 
these deficiencies are being addressed (the release of HTML 4.0, and the 
development of new protocols such as XML). 

The paper should be of interest to people involved in developing 
applications and services on the Web and anyone who has a general 
interest in future developments on the Web. 



Background 



The World Wide Web (often referred to as the web) is a distributed 
hypermedia system which is based on three key architectural 
components: 



1. Data format 
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Summary ^ 



This paper outlines some of the latest Web developments, 
including Web standards which are emerging from W3C, the 
World Wide Web Consortium. The paper gives an overview 
of the architectural components of the Web (including data 
formats and transport protocols), summarise their 
deficiencies {such as the well-known deficiencies in HTML 
and the performance problems of the Web), and describe 
how these deficiencies are being addressed (the release of 
HTML 4.0. and the development of new protocols such as 
XML). 

The paper should be of interest to people involved in 
developing applications and services on the Web and anyone 
who has a general interest in future developments on the 
Web. 



Background * 

The World Wide Web (often referred to as the web) is a 



Figure la - Simple Style Sheet Example Figure lb - Simple Style Sheet Example 



Figures la and lb show the same document content, with slightly different style sheets. The 
corresponding style sheets are given below. 



< STYLE > 
< ! -- 

HI, H2 {color: blue; margin-lef t : 5%} 

H3 {margin-left: 10%} 
P {margin-left: 15%} 

OL {margin-left: 20%} 
- - > 

</STYLE> 



<STYLE> 

< ! . ' 

HI, H2 {color: red; text-align: right; 

font-size: 24pt} 
H3 {margin-left: 5%} 

P {margin-left: 5%; margin-right: 20%; 

font-family: arial} 
OL {margin-left: 20%} 
- - > 
</STYLE> 



Note that style sheets do not have to be supplied by an author. It is possible for an end user to define a 
style sheet to be used when accessing pages. 
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An example of user-supplied style sheet is shown in Figure 2. 
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Figure 2a - Original Display 



Figure 2b - Using A User-supplied Style Sheet 



Figure 2a shows the original document, with the formatting defined by the author. Figure 2b shows the 
document when viewed using a user-supplied style sheet. In this example the style sheet indents the left- 
hand margin and specifies a colour for the headings. 



Dynamic HTML 

HTML 4.0 provides a means of defining the document structure, allowing CSS2 to define how the 
document appears. Dynamic HTML provides a way of enabling the content of HTML and CSS elements 
to be changed. 

Dynamic HTML is based on a Document Object Model (DOM) [5] for HTML and CSS elements. The 
values of the HTML and CSS elements can be changed in response to a user action, such as clicking the 
mouse or moving the mouse over an object. The changes are initiated using a client-side scripting 
language, such as JavaScript. 

Figure 3 gives an illustration of simple use of Dynamic HTML. 



http://www.intute.ac.uk/socialsciences/archive/iriss/papers/paperl7.htm 



3/7/07 



IRISS '98: The Latest Web Developments 



Page 5 of 1 1 



glHISS 'SB Ihitl nlfislWfih llRvelnprnents ■ Mmrn 



£de E* tfw Qo FavoriiQi H^P 



o 



Bad 



Addresi |e) hrp://wwwukob) ac uk/*etHocui/event$/contere|Ji i Link* 



Summary 



Background 
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of the architectural components of the Web (mchidmg data formats and transport 
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and the performance problems of the Web), and describe how these deficiencies are 
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as XML). 
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The World Wide Web (often referred to as the web) is a distributed hypermedia system 
which is based on three key architectural components: 

1. Data format 

2. Addresssig 

3. Transport 

The native file format for resources on the web is the HyperTen Maricup Language .uf 
(HTML). '* 
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Data Format | 

HTML (Hypertext Markup Language) is an application of SGML (Standard Generalised 
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o>fming the structural elements in documents, included the basic structural elements this 
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web didnot include nine images ! ^ 

At me first international WWW conference held in CERN, Switzerland in May 1994 
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was inibaQy known as HTML-*-) would include a range of new features such as table s, 
richer forms and support for mathematical eolations. 
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Figure 3a - Original Display 



Figure 3b - Display after Headings "Collapsed" 



Figure 3a gives the original display. After clicking on the first two headings, the text underneath the 
headings is collapsed. This is achieved by setting the visibility of the section following the heading to 
"none" when the heading is clicked. 



The code to achieve this effect is simply: 

<H2 STYLE= "cursor: hand" onclick= "toggleDisplay (Background) ; " 
onmouseover= "this . style . color = 'blue'" 

onmouseout= "this . style . color = ' black ' " >Background</H2 > 
<DIV ID= "Background" STYLE= "display : visible"> 

</DIV> 

Two Javascript routines, each of about 10 lines is executed when the heading is clicked which sets the 
display of the document identified by the name <div id= "Background" > on or off. These Javascript 
routines are not included in this paper. However very simple Dynamic HTML can be seen in the HTML 
fragment above. The onmouseover= "this . style . color = • blue » " changes the colour of the heading 
to blue when the mouse is positioned over the heading. 

XML 

If HTML 4.0 can defines the document structure and provide the hooks for including multimedia 
objects, scripting languages and links to style sheets, CSS2 the appearance of the document and 
Dynamic HTML can provide a mechanism for dynamically altering HTML and CSS elements, does this 
mean that work on data formats is complete? 

The answer to this is, perhaps not surprisingly, no. 

The HTML standardisation process is too slow and time-consuming for new elements to be introduced. 
For example, if we wanted to introduce a new element called <abbreviation>, even if we could 
achieve consensus within the HTML developers community, it would still take a long time for the 
recommendation to be agreed. Even then there would be no certainty that the browser vendors would 
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provide support for the new element. 

In addition, although HTML, in conjunction with CSS2, can be used as an output format it is not 
sufficiently rich to be used as a data storage format. For example we cannot develop a web application 
within our institution for storing records such as <student-number> or <part-number>. 

Finally even if communities such as mathematicians or chemists could agree on a set of elements for use 
within their community, adding them to a new version of HTML would result in a very large, complex 
language. 

The Extensible Markup Language (XML) has been developed to address these issues. XML has been 
designed to be extensible, so that agreement on a set of standard elements does not necessarily have to 
be achieved. XML can be regarded as a light-weight version of SGML, designed for network use. 

Although XML was only announced as a W3C recommendation in February 1998 jj6], it is already 
becoming widely adopted in a number of areas. The Mathematical Markup Language (MathML), which 
is due to be submitted as a W3C Proposed Recommendation in February 1998, is an XML application, 
as is the Chemical Markup Language (CML). 

In addition to use within the scientific communities, XML is also being used within the web community 
to develop new architectural components to the web, especially in the area of metadata, as discussed 
later. 

Addressing 

The location of a resource on the web is given by its URL. For example the URL of W3C's HTML 4.0 
recommendation is http://www.w3 .org/TR/REC-htmi40 

As can be seen in this example, URLs contain the domain name of the machine together with (in many 
cases) the location in the underlying directory structure. This can be regarded as equivalent to stating 
that the hard copy of the specification is located in the MIT library, and it's the sixth book along on the 
third shelf on the fourth floor. 

URLs suffer from their dependency on the location. If an organisation reorganises its website, links to 
resources are likely to be broken. Similarly if an organisation changes its name, is taken over or sells 
part of the organisation, a reorganisation of its website to reflect the changes will also result in broken 
links. 

There have been a number of proposals which attempt to provide a location-independent address for a 
resource including Uniform Resource Names (URNs) [7] and Persistent Uniform Resources (PURLs) 
IS.]. 

A PURL acts as a URL which points to a resolution services rather than the resource itself. The PURL 
resolution service associates the PURL with the URL of the resource and uses a HTTP redirect to access 
the resource. 

More recently the Digital Object Identifier (DOI) system has been developed [9] The DOI system has 
three components: the identifier, the directory and the database. The system allows identifiers to be 
assigned at various levels. The directory is a distributed system based on CNRTs Handle system which 
provides a mapping from DOIs to URLs. DOIs have initially been aimed at the 'traditional' publishing 
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industry, and there are plans to use the DOI as the basis of copyright management systems. 

However none of the proposals for replacing URLs have been widely deployed. This is, in part, due to 
the need for an organisational infrastructure for registering location-independent resources. 

Transport 

HTTP, the HyperText Transfer Protocol, governs the transfer of resources between a web server and 
client. Typically clicking on a hypertext link in a web browser will send a HTTP get request to the 
server. The web server will then send back a series of headers, together with the resource, if it exists. 

It is possible to emulate a web client using telnet, as illustrated below: 

% telnet www.w3.org 80 Telnet to port 80 

GET / HTTP/1.0 Request the default file 

Enter blank line 
HTTP/ 1.1 200 OK Confirmation received 

Date: Tue, 24 Feb 1998 09:14:31 GMT Misc headers displayed 
Server: Apache/ 1.2. 5 

Last-Modified: Fri, 20 Feb 1998 17:55:12 GMT 
ETag: "2c313 6-2 3cl-34edc3 80 n 
Content -Length: 9153 
Accept -Ranges : bytes 
Connection: close 

Content-Type: text/html;- charset=ISO-8859-l 

HTML document displayed 
<!DOCTYPE HTML PUBLIC " - //W3C//DTD HTML 4.0 Transitional//EN M > 
<HTML> 
<HEAD> . 



In the initial implementation of HTTP, HTTP/0.9, the web browser could process the files based on the 
file suffix. So, for example, a PostScript file with a .ps could be passed to a PostScript viewer for 
displaying. This, however, was not a scaleable solution. In HTTP/1.0 [10] files are sent as MIME 
attachments, such as text/html, image/gif , text/postscript, etc. 

Although HTTP/1.0 is now being widely used, there are a number of problems with it: 

• HTTP/1.0 uses TCP inefficiently. Since most resources are small, and HTTP/1.0 opens and closes 
a new TCP connection for each operation, there is a large overhead. 

• HTTP/1 .0 does not have sufficient facilities for compression. 

• HTTP/1 .0's caching is very primitive. 

HTTP/1.1 [1 1] was developed to address these deficiencies and to fix a number of bugs in HTTP/1.0. 
The HTTP/ 1.1 specification provides support for multiple TCP connections and more efficient support 
for caching. 

A W3C Note on "Network Performance Effects ofHTTP/U, CSS1, and PNG" [12] confirms the 
performance benefits of HTTP/ 1.1. 

Extending HTTP 
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Although HTTP/1.1 will provide performance benefits, the introduction of new facilities is still hindered 
by the standardisation process and the dangers of making HTTP more complex by the introduction of 
facilities which will be used by only small communities. HTTP faces similar development problems as 
does HTML. 

Just as XML provides a extension mechanism for data formats, the Protocol Extension Protocol (PEP) 
[ 13 ] is designed to provide an extension mechanism for HTTP. 

PEP examples which are given in the PEP draft specification include determining whether a server 
understands and supports the Distributed Authoring and Versioning (DAV) protocol extension and use 
of a micropayments scheme. 

An example of the potential use of PEP is a micropayments system for accessing resources. The 
dialogue is illustrated below. 

GET /Index HTTP/ 1.1 
Host: some. host 

420 Policy Not Fulfilled 

PEP- Info: { {id "http://www.w3 .org/PEP/MiniPayment " } 

{params {Price 0.02USD}} {strength must}} 

PEP-GET /Index HTTP/1.1 
Host: some. host 

PEP: { {map "http://www.w3 . org/PEP/MiniPayment " 12-} 
{strength must} } 12-Price: 0.02USD 

HTTP/ 1.1 2 00 OK 

In the example given above the client requests a resource. The server responds with an HTTP response 
code stating that the policy has not been fulfilled, and then uses the PEP extension mechanism to state a 
price which must be paid in order to access the resource, together with the address describing the 
minipayment protocol. A web client which does not understand the PEP request will treat the response 
as a file not found and display an appropriate error message. Otherwise the client can communicate with 
the server using the extension policy. 

Content Negotiation 

We have seen how PEP can be used to provide an extension mechanism for HTTP. Transparent Content 
Negotiation (TCN) [14] provides an extensible negotiation mechanism, layered on top of HTTP, for 
automatically selecting the "best" version when the resource is accessed. TCN enables new data formats 
and HTML elements to be smoothly deployed. 

HTTP/NG 

Although HTTP/ 1.1, together with PEP and TCN, are addressing a number of the deficiencies in the 
underlying transport protocol, we are still faced with a number of problem areas, including the 
complexity of HTTP, the poor scalability of HTTP when faced with today's network traffic load and the 
difficulty of introducing applications on the web, other than simple document retrieval applications. 

HTTP/NG [ 15 ] will be a new architecture for the HTTP protocol based on a simple, extensible 
distributed object-oriented model. Work on HTTP/NG started recently. As yet there is little information 
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publicly available. 

Other Areas 

Metadata can be regarded as the missing architectural component of the web. Although HTML has 
allowed the basic elements of a document structure to be defined, it has, in general, not allowed 
information about the document to be defined in a structured, machine-parsable way. 

The <meta> HTML element was an initial attempt to provide a mechanism for storing document 
metadata in a standard way. The <meta> element became popular for storing keywords to assist search 
engines, such as Alta Vista, in finding resources. Search engines would give a high priority to resources 
containing metadata as shown below: 

<META NAME= "description" VALUE = "This is the HTTP specif icat ion" > 
<META NAME= "keywords" VALUE = "HTTP, web, transport protocol "> 

Dublin Core [1.6] is the name given to an initiative to agree a common, core set of metadata attributes to 
help with resource discovery. The Dublin Core now consists of 15 elements, such as Title, Creator, 
Date, etc. Initially attempts were made to embed Dublin Core metadata using the <meta> element. 
However this was not sufficiently flexible to cater for more complex use of Dublin Core metadata, such 
as hierarchical structures, such as the creators name, postal address, email address, etc. 

The development of a more general solution to the provision of metadata is being coordinated by the 
W3C. The Resource Description Framework (RDF) [17] is designed to provide an infrastructure to 
support metadata in a range of areas including resource discovery, sitemaps, rating schemes, and 
collections of resources. 

What's All This Mean For Me? 

This document has described a number of developments to web protocols. But what are the implications 
for web administrators, support staff, software developers, information providers and end users? 

The strict HTML philosophy has been to encourage authors to define document structure. With the 
release of CSS2 and support for CSS2 by the current versions of both the popular browsers, it is now 
possible for authors to provide a pleasing design for their resources, using technologies which will 
minimise future maintenance. 

Unfortunately Internet Explorer and Netscape have different implementation of style sheets, and so 
authors will have to make use of these new features with care. It is, possible, however, to layer new 
technologies, such as CSS and Dynamic HTML on to existing resources, provided the resources 
conform to standards. 

Developers of computer aided learning software, who in the past have made use of proprietary, 
platform-specific authoring tools will appreciate the development of Dynamic HTML and the Document 
Object Model. This should enable rich interactive teaching systems to be developed based on open 
standards. 

There are a number of implications for support staff responsible for providing and supporting web 
software, including web browsers and servers. For performance reasons servers should be upgraded to 
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support HTTP/1 . 1 . This should not prove too difficult as there are likely to be only a small numbers of 
web servers within an institution. Upgrading of web browsers to support new developments such as 
HTML 4.0 and CSS2, may be more difficult. However developments such as Transparent Content 
Negotiation may make it possible to deploy new features without disenfranchising large communities. 

Developments to addressing have not progressed as rapidly as those to data formats. It appears unlikely 
that we will see in the near future the widespread use of location-independent identifiers. Authors will 
therefore have to continue to think long and hard about their directory naming conventions, to ensure 
that next year's reorganisation of a web site does not result in lots of broken links. 

References 

1. W3C Issues Recommendation for HTML 3.2, W3C Press Release, 
<URL: http://www.w3.org/Press/HTML32-REC-PR.html > 

2. The World Wide Web Consortium Issues HTML 4.0 as a W3C Recommendation, W3C Press 
Release, <URL: http://www.w3.org/Press/HTML4-REC > 

.3. The World Wide Web Consortium Issues Recommendation for CSS1, W3C Press Release, 
<URL: htt p ://www. w3 .org/Press/CSS 1 -REC-PR.html > 

4. The World Wide Web Consortium Publishes Public Draft for CSS2, W3C Press Release, 
<URL: http://www.w3 .org/Press/CSS2 > 

5. Document Object Model , W3C, <URL: htt p://www.w3.org/DOM/ > 

6. The World Wide Web Consortium Issues XML 1 .0 as a W3C Recommendation, W3C Press 
Release, <URL: http://www.w3.org/Press/1998/XML10-REC > 

7. Naming and Addressing: URIs, W3C, <URL: http://www.w3 .org/Addressing/ > 

8. PURLs. OCLC. <URL: http://purl.oclc.org/ > 

9. DPI System. <URL: http://www.doi.org/ > 

10. HTTP/1.0, W3C, <URL: http://www.ics.uci.edu/pub/ietf/http/rfcl 945 > 

11. HTTP/1.1, W3C. <URL: htt p://www.w3.org/Protocols/rfc2068/rfc2068 > 

12. Network Performance Effects of HTTP/1.1, CSS 1, and PNG, W3C, 
<URL: http://www.w3.org/Protocols/HTTP/Performance/Pipeline.html > 

13. PEP, W3C. <URL: http://www.w3.org/Protocols/PEP/ > 

14. Transparent Content Negotiation in HTTP, Koen Holtman, 
<URL: http ://gewis.win. tue .nl/~koen/conne g/> 

15. HTTP/NG. W3C. <URL: htt p://www.w3.org/Protocols/HTTP-NG/ > 

16. Dublin Core. OCLC. <URL: htt p://purl.org/metadata/dublin_core > 

17. RDF. W3. <URL: http://www.w3.org/Metadata/RDF > 

The Author 

Brian Kelly is UK Web Focus - a national web coordination post for the UK Higher Education 
community. Brian is based at UKOLN (UK Office for Library and Information Networking), University 
of Bath. His responsibilities include monitoring web developments, keeping the UK HE community 
informed of web developments, coordinating various web activities within the community and 
representing JISC on W3C (the World Wide Web Consortium). 

Brian has been involved with the Web since early 1993. He helped set up the Web service at Leeds 
University in January 1993 - the first institutional web service in the UK HE community. He was active 
in promoting the web throughout the community, giving numerous presentations. He attended the first 
WWW conference in Switzerland in May 1994, and gave a paper on Providing Information On The 
World Wide Web at the JENC 6 / INET 94 conference in Prague in June 1994. 



http://www.intute.ac.uk/socialsciences/archive/iriss/papers/paperl7.htm 



3/7/07 



IRISS '98: The Latest Web Developments 



Page 1 1 of 1 1 



From October 1995 to October 1996 Brian worked as the Senior Netskills Trainer for the Netskills 
project, based at Newcastle University. He moved to UKOLN in November 1996. 




Themes Home Proceeding s 



IRISS '98: Last updated: 22 April 1998 
IRISS'98 Conference Office: Institute for Learning and Research Technology, University of Bristol, 8 

Woodland Road, Bristol BS8 1TN 

Telephone: +44 (0)117 928 8472/4/8 : Fax: +44 (0)117 928 8473 : email: iriss-infomris.ac.uk 



http://www.intute.ac.uk/socialsciences/archive/iriss/papers/paperl7.htm 



3/7/07 



Method and apparatus for persistent access to Web resources using variable time-stamps Page 1 of 3 



Patent ) Storm 



Home Browse by Inventor Browse by Date Links Contact Us 



Type your search term here 



EJ United States Patent 7120862 



Today In Histor 



Method and apparatus for persistent access to 
Web resources using variable time-stamps 

US Patent Issued on October 10, 2006 



March 7, 1876 
Alexander Graharr 
patent for the telepr 



Inventor(s) 

.Pi0.g.-VVen„Ong 

Assignee 

Lu c e nt Techn o l o gies Inc. 

Application 

No. 09342408 filed on 1999-06-28 



ABSTRACT CLAIMS DESCRIPTION FULL TEXT 



Ads by Goooooogle 



Advertise on this site 



ProfessionalPatentSearch 

We use the latest technologies to give you an 
information edge 

www.PlanetPatent.com 



Current US Class 

715/511 . 707 / 203 , 707/3 . 7 15/ 501.1 , 

.7.15/513. 

Examiners 

Primar y: Ste ph en Hong 

As^isJ.ajit;„Ihujy. v „H 

Attorney, Agent or Firm 



US Patent References 

5559991 
5 8 19 2 73 
5832224 
58 32478 
59078 3 7 
5943678 
59 4 669 9 
5978847 
59917 73 
59 9 1802 
6006227 
612537 1 
6138141 



Patent Valuations Expert 

Precise trademark & patent valuations. Submit 
your RFI. 

EricksonPartnersLLC.com 



Abstract 

A method and apparatus are disclosed for providing 
persistent storage of Web resources. Uniform Resource 
Locators (anDURLsaOO) that identify Web resources 
are augmented to include a time stamp. A web browser 
and a web server are disclosed that accommodate a time 
stamp parameter and allow a user to refer to any Web 
address with a precise target date. The disclosed Web 
browser can optionally include a mechanism to facilitate 
the specification of the desired date and time, or the user 
can manually append the time stamp to the URL 
indicated in the aDDLocationaDO window of the browser. 
The persistent Web servers (i) receive URLs containing a 
time stamp, relative or variable time-stamp, (ii) extract 
the time stamp, (iii) retrieve the appropriate Web page(s) 
corresponding to the time-stamp, and (iv) return the 
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appropriate page(s) or links to the client. Wildcard 
characters and date ranges can be used in the variable 
time-stamp to implement a variable time stamp when a 
user is not sure of the date for a specific web resource or 
wishes to specify more than one precise date and time. 
The persistent Web servers include a persistent archive 
for storing all of the versions of Web resources that will 
be persistently available to Web users. 
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